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SECTION  I 


INTRODUCTION 


A.  OBJECTIVE 

This  study  was  done  to  determine  the  applicability  of  the  EPA's  mobile 
incineration  system  (MIS)  for  treating  soil  contaminated  with  Herbicide 
Gringo  ct  three  Department  of  Defense  sites  -  Eglin  Air  Force  Base,  the 
Naval  Construction  Battalion  Center  (NCBC),  Gulfport,  Mississippi  ,  and  Johnston 
Island,  Beyond  demonstrating  the  technical  feasibility  of  thermal  decon¬ 
tamination,  the  study  was  to  evaluate  the  treatment  characteristics  of  the 
soils  to  Identify  potential  processing  problems  and  to  estimate  operating 
rates  and  corresponding  operating  conditions  which  would  achieve  treatment 
CcUan-Ui.")  criteria.  The  results  of  this  study  would  provide  some  tech¬ 
nical  basis  for  supporting  and  planning  a  possible  demonstration  by  the  Air 
Force  of  the  MIS  at  Johnston  Island. 

B.  BACKGROUND 

The  U.S.  Air  Force  is  engaged  in  a  multitask  program  to  Investigate 
three  Department  of  Defense  sites  known  to  be  contaminated  with  residual 
Herbicide  Orange  (Reference  I),  l. id  to  identify,  evaluate,  and  demonstrate 
selected  technologies  tKat  could  be  us?d  to  decontaminate  and  restore  these 
sites.  Herbicide  Orange  Is  an  equal  r  xture  of  the  butyl  esters  of 
2,4-dlchlorophenoxyacetlc  acid  (2,4-OBE)  and  2,4,5-trlchlorophenoxyacetlc 
acid  (2,4,5-TBE),  containing  low  or  trace  concentrations  of  various  related 
chemical  compounds  originating  from  raw  materials  or  byproduct  reactions 
(Reference  2).  One  of  these  compounds  hac  been  determined  to  be  2,3,7,8- 
tetrachlorodibenzo-p-dloxli*  (2,3V7,8-TC0D),  a  highly  toxic  and  stable  com¬ 
pound  which  Is  the  subject  of  much  scientific  and  regulatory  attention 
today.  Previous  field  Investigations  at  all  three  sites  have  ascertained 
the  approximate  location  and  concentration  of  the  herbicide  constituents  and 
have  enabled  preliminary  estimates  to  be  made  of  l.»e  quantities  of  soil  that 
could  require  decontamination.  Additional,  more  extensive  site  surveys  are 
currently  being  coop leted. 

New  federal  regulations  enacted  under  RCRA,  wM ch  will  be  effective 
after  July  15,  1985,  stipulate  stringent  requirements  for  treating  or 
disposing  of  dioxin  waste  materials.  Including  contaminated  soil. 

Incineration  has  been  demonstrated  to  be  effective  In  destroying  Herbicide 
Orange  (References  3  and  4),  Each  Incineration  »ystem  and  dioxin  waste 
matrix  oust  be  tested  to  establish  adequate  treatment  efficiency  before 
being  permitted  to  operate  on  a  "production  basis."  Decontamination  of  soil 
containing  dioxin  by  using  incineration  had  not  been  demonstrated. 

A  mobile  Incineration  system  (MIS)  has  been  constructed  by  EPA  for  u-e 
In  treating  hazardous  waste  materials  at  various  sites,  and  in  evaluating 


the  technology  for  specific  wastes.  This  process  unit  has  recently  com¬ 
pleted  a  trial  burn  involving  dioxin  contaminated  waste  liquids,  sludges, 
and  soil  in  Missouri.  A  longer  demonstration  run  is  planned  by  EPA  which 
will  involve  processing  quantities  of  various  dioxin  contaminated  soils  from 
Missouri  sites. 

In  support  of  EPA's  mobilization  of  the  MIS  for  that  trial  burn  and 
demonstration,  IT  Corporation  conducted  a  study  to  Investigate  the  capabil¬ 
ity  of  the  MIS  to  treat  soil  contaminated  with  2,3,7,8-TCDO.  The  study 
consisted  of  two  parts: 

•  A  series  of  laboratory  thermal  desorption  experiments  to  determine 
the  effect  of  key  process  variables  and  soil  (feed)  character! stl cs 
on  removal  of  2,3,7,8-TCDD 

•  A  series  of  pilot-scale  batch  kiln  tests  and  computer  simulations 
to  define  the  material  processing  and  heat  transfer  characteristics 
of  the  kiln 

This  research  was  completed  in  late  1984.  A  final  report  describing  the 
results  has  been  submitted  to  EPA  for  review. 

C.  SCOPE 

This  study,  as  an  extension  of  the  previousJS^study,  consisted  of  four 
activities  -  soil  characterization,  laboratory  treatability  tests,  pilot- 
scale  kiln  processing  tests,  and  engineering  assessment  of  projected  MIS 
performance.  Soil  characterization  measured  chemical  properties,  including 
Herbicide  Orange  concentration,  and  physical  properties  which  could  affect 
processing.  Bench-scale  treatability  tests  determined  the  relationship  bet¬ 
ween  residence  time,  temperature,  and  treatment  efficiency.  Samples  of  con¬ 
taminated  soil  were  exposed  to  different  conditions,  and  the  final 
concentration  of  2,3,7,8-TCDO  was  analyzed.  The  pilot  kiln  tests  utilized 
uncontaminated  soil  to  simulate  the  approximate  MIS  conditions  of  gas  flow* 
temperature,  and  agitation  to  investigate  particulate  entrainment,  heat 
transfer  and  changes  In  physical  form  (agglomeration/slagging  or  attrition). 
Engineering  assessment  Included  performing  heat  and  material  balance  calcu¬ 
lations  and  heat  transfer  calculations  using  computer  simulations  and  deter¬ 
mining  the  various  limitations  of  the  MIS  which  would  establish  processing 
rate  capabilities. 
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SECTION  II 

SOIL  CHARACTERIZATION 


The  chemical  and  physical  properties  of  soils  subjected  to  Incineration 
temperatures  are  expected  to  influence  the  treatability  and  processing  per¬ 
formance.  Volatilization  of  organic  pollutants  from  soil  at  ambient  con¬ 
ditions  has  been  shown  to  be  affected  by  the  exposed  surface  area 
(corresponding  to  particle  size)  and  composition  of  the  soil  (References  5, 

6  and  7).  Interaction  (adsorption/  absorption)  between  organic  compounds 
and  a  soil  matrix  can  reduce  the  apparent  vapor  pressure.  Thermochemical 
transitions  of  natural  organic  matter  and  minerals  contained  In  soils  can 
occur  at  temperatures  as  low  as  400°C  (References  8  through  12).  Both  oxi¬ 
dation  and  pyrolysis  of  organic  materials  can  occur,  depending  particularly 
on  the  availability  of  oxygen.  The  thermal  stability  of  specific  organic 
compounds  which  might  be  present  in  contaminated  soils  varies  greatly  within 
the  operating  range  of  the  MIS  (References  13  and  14).  Physical  alteration 
of  the  soil,  such  as  attrition  from  thermal  stresses  and  agitation/abrasion, 
and  slagging  or  agglomeration  caused  by  mlneraloglcal  transformations,  will 
affect  solids  flow  characteristics,  heat  transfer,  and  particulate  genera¬ 
tion  (entrainment). 

Previous  studies  of  thermal  treatment  of  contaminated  soils  Included 
analysis  of  the  untreated  soil  for  primary  chemical  and  physical  parameters. 
These  same  analyses  were  performed  for  this  study  on  samples  from  each  of 
the  three  sites.  The  soil  samples  were  collected  from  designated  locations 
and  shipped  to  ITC's  Environmental  Research  Laboratory  In  Knoxville, 
Tennessee.  Samples  of  both  uncontaminated  and  contaminated  soils  were 
packaged  In  sealed  metal  paint  cans.  Each  sample  weighed  approximately 
4  kilograms.  Both  the  contaminated  and  uncontaminated  samples  used  for 
laboratory  treatability  tests  were  prepared  for  analysis  and  testing 
according  to  procedures  described  below.  Samples  of  uncontamlnated  soil 
were  shipped  to  Allls-Chil tiers'  test  facility  and  were  used  for  batch  kiln 
tests  without  any  preparation. 

The  Initial  contaminated  NCBC  soil  sample  had  a  very  low  concentration 
of  2,3,7, 8-TCDO.  Three  additional  samples  were  taken  at  the  site,  shipped 
to  tTC,  prepared,  and  analyzed.  Based  on  the  results,  one  of  the  three  was 
selected  as  the  test  sample.  It  was  Intended  that  all  three  contaminated 
test  soils  would  have  greater  than  400  ppb  2,3,7,8-TCOO. 

A.  SOIL  PREPARATION  PROCEDURES 

The  samples  of  soil  received  from  the  Air  force  were  pretreated  for  use 
before  analysis  and  thermal  treatment  tests.  This  was  necessary  to  achieve 
a  uniform  test  soil  of  known  2, 3, 7, 8-TCDO  concentration,  from  which  repre¬ 
sentative  aliquots  could  be  taken  for  each  test.  Previous  ITC  research 
activities  with  soil  containing  trace  levels  of  contamination  had  estab¬ 
lished  the  Importance  of  such  soil  preparation,  particularly  for  small-scale 
tests. 
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1.  A  portion  of  soil  was  transferred  within  the  hood  from  the  con¬ 
tainer  to  a  metal  foil  tray,  separating  larger  organic  matter 
(e.g.,  roots,  grass)  and  breaking  up  large  soil  agglomerates. 

2.  The  soil  was  spread  out  uniformly  on  a  metal  tray  and  allowed  to 
air  dry  within  the  hood  for  2-3  days  with  occasional  stirring  and 
gentle  breaking  of  larger  soil  agglomerates  using  a  spatula. 

3.  The  dried  soil  was  screened  in  several  batches,  using  a  standard 
wire  mesh  screen  with  2  nm  openings.  Oversize  soil  was  returned  to 
the  drying  tray  and  manually  broken  up  using  a  spatula.  Final 
oversize  soil  was  weighed  and  transferred  to  the  original  soil  con¬ 
tainer.  Grinding  or  milling  of  the  soil  was  not  done. 

4.  The  soil  fractions  less  than  2  rim  from  each  batch  were  combined  in 
a  widemouth,  1-gallon  glass  jar,  blended  for  1  hour,  using  a  jar 
roller,  and  weighed. 

5.  Three  separate  aliquots  of  soil  from  random  locations  within  the 
1-gallon  jar  were  transferred  to  individual  250  cc,  amber,  wide¬ 
mouth  jars  with  Teflon®-! ined  caps.  These  sample  jars  were  coded, 
labeled,  and  submitted  for  analysis  of  2,3,7,8-TCDD  to  verify  uni¬ 
formity. 

B.  ANALYSIS  OF  PHYSICAL-CHEMICAL  PROPERTIES 

Battel le-Columbus  Laboratories  was  contracted  by  ITC  to  perform  selected 
analyses,  Including  pH,  conductivity,  organic  natter,  cation  exchange  capac¬ 
ity  (CEC),  moisture  content,  specific  surface  area,  oil  and  grease,  and 
particle  size.  Table  1  lists  the  parameters  and  corresponding  methods  used 
by  Battelle.  These  procedures  are  described  in  Annex  l.  Samples  of 
uncontaminated  soil  from  each  site  were  Initially  analyzed  By  Battelle; 
samples  of  contaminated  soil  from  each  site  were  analyzed  later  for  selected 
parameters  to  Investigate  the  potential  effect  of  the  contamination  on  the 
measurements. 

Table  2,  as  reproduced  from  Handle's  final  test  report  Annex  2, 
summarizes  the  characterization  data  for  the  uncontaminated  samples,  and 
Table  3  summarizes  the  data  from  the  contaminated  samples.  A  comparison 
between  the  data  from  each  site  and  between  uncontaminated  and  contaminated 
samples  can  be  summarized  by  the  following  major  points: 

•  The  pH  of  the  Eglin  soil  is  acidic  whereas  the  JI  and  NCBC  soils 
are  slightly  alkaline. 

•  The  conductivity  of  the  01  soil  is  more  than  one  order  of  magnitude 
higher  than  the  other  two  soils. 

•  The  organic  matter  measured  for  all  the  contaminated  soil  samples 
was  much  higher  than  for  the  uncontami bated  samples.  This  dif¬ 
ference  was  most  noticeable  for  the  JI  soil  samples;  the  difference 
in  NCBC  samples  was  relatively  small. 


TABLE  1.  SOIL  CHARACTERIZATION  METHODS 


parameter  Method  references0 


Method 


Organic  matter 

Schultz,  1980 

Watson,  1978 

Potassium  di chromate  oxidation 
using  colorimetric  determina¬ 
tion  of  Cr3+ 

pH 

McLean,  1980 

Measurement  of  1:1  (weight: 
volume  mixture  of  soil  water) 

Electrical 

conductivity 

Watson,  1978 

Measurement  of  1:2  (solhwater) 
slurry  using  conductivity 
meter 

Surface  area 

Carter,  et  al.,  1965 
Heilman,  et  al.,  1965 
Clhacek  and  Bremner,  1979 

Adsorption  of  monolayer  of 
ethylene  glycol  raonoethyl 
ether 

Particle  size 

ASTM,  1972 

ASTM,  1978 

Combined  sieving  (particles 
>75  um  and  sedimentation 
particles  less  than  75  um) 
measured  by  hydrometer 

Cation  exchange 
capacity  (CEC) 

Allen,  et  al.,  1974 

Saturation  of  exchange  sites 
with  NH4+  followed  by  washing 
of  excess  NH4+  reagent  and 
displacement  of  adsorbed  NH4+ 
with  KC1 ;  NH4+  measured  by 

Ion  specific  electrode 

Oil  and  grease 

ASTM  04281-83 

Extraction  with  methyl  tert- 
butyl  ether  after  soli  Is 
conditioned  with  aqueous 
sodium  chloride  and  potassium 
hydrogen  phosphate;  gravi¬ 
metric  determination  of 
filtered  and  evaporated 
extract 

Moisture 

ASTM  Part  II-BZ216 

Oven  drying  at  110°C  to 
constant  weight 

* Complete  references  given  in  Battel le-Columbus  procedures,  Annex  1. 
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TABLE  2.  PHYSICAL-CHEMICAL  ANALYSIS  OF  UNCONTAMINATED  SOIL 


Physical -chemical  parameters41 

Jl 

- ZsTTn - 

~~mr 

pH 

8.24 

5.21 

8.29 

Conductivity  (milllmhos/cm) 

4.99 

0.0418 

0.279 

Organic  matter  (percent) 

<0.50 

<0.50 

1.5 

Cation  exchange  capacity 
(mi 11 i equl val ents/100) 

0.12 

0.15 

3.9 

Moisture  content  (percent) 

1.86 

0.12 

0.48 

Surface  area  (m2 /g) 

6.74 

2.46 

12.3 

Oil  and  grease  content 
(mlcrograms/g) 

664.9 

116.0 

1759 

Particle  size  distribution 
(percent) 

Medium  sand  (between 

425  microns  and  2.00  mm) 

41.3 

41.3 

25.7 

Fine  sand  (between  75  and 

425  microns) 

36.2 

51.9 

59.4 

Silt  (between  5  and  75 
microns) 

19.2 

4.77 

12.3 

Clay. (smaller  than  5  microns. 
Including  colloids)® 

3.31 

2.03 

2.70 

Colloids  (less  than  1  micron) 

2.94 

1.67 

2.25 

aA11  analyses  were  done  In  duplicate  with  the  exception  of  surface 
area,  which  was  done  in  replicates  of  five.  Values  reported  repre¬ 
sent  averages.  Annex  2  gives  deviation  values. 

bNote  that  the  clay  fraction  Includes  the  colloid  fraction,  so  that 
the  percentages  total  greater  than  100  percent. 
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TABLE  3.  PHYSICAL-CHEMICAL  ANALYSIS  OF  CONTAMINATED  SOIL 


Physical -chemical  parameters*1 

- 31 - 

Eglin 

TJCbC 

pH 

8,45 

3.83 

8.55 

Conductl vl ty  (mi  1 1 imhos/cm) 

5.02 

0.146 

0.205 

Organic  matter  (percent) 

4.22 

1.22 

2.34 

Cation  exchange  capacity 
(milliequivalents/100  g) 

0.73 

0.77 

2.45 

Moisture  content  (percent) 

0.34 

0.55 

0.38 

Oil  and  grease  content  (micrograms/g) 

1884 

4069 

3386 

— - - - - - - - — - — 

All  analyses  were  done  in  duplicate.  Values  given  are  averages.  Annex  3 
gives  deviation  values. 
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•  The  oil  and  grease  content  of  the  contaminated  soil  samples  was 
higher  than  the  uncontaminated  samples.  This  difference  was  most 
noticeable  (factor  of  40)  for  Eg! in  soil. 

•  The  cation  exchange  capacity  of  all  contaminated  soils  was  higher 
than  the  corresponding  uncontaminated  samples.  NCBC  soil  had  much 
higher  values  than  the  other  two  soils. 

•  The  surface  area  did  not  vary  greatly  between  soils.  Likewise,  the 
particle  size  distributions  of  the  three  soils  were  not  greatly 

j  different.  The  clay  fraction  varied  only  between  3.5  and  7  per- 
•  cent . 


Visual  inspection  of  each  sample  received  resulted  In  the  following 
observations: 

01  -  White/gray;  sandstone-like,  uniform;  contaminated  sample 

slightly  darker,  probably  higher  moisture;  large  stones  and 
chunks  (agglomerates)  present  in  both. 

Eglin  -  Tan;  sandy  with  some  agglomerates  which  easily  broke  up,  twigs 
and  grass  noticeable;  uncontaminated  sample  appeared  drier  and 
dustier. 

NCBC  -  Light  to  dark  brown;  sandy  loam  with  pebbles  and  broken 

shells;  some  grass  and  twigs  evident;  variation  In  relative 
amounts  of  moisture  and  shell /pebble  fraction  between  the  five 
samples  received. 

Thermogravl metric  analysis  (TSA)  and  differential  scanning  calorimetry 
(DSC)  analysis  of  the  three  samples  of  uncontaminated  soil  were  performed  by 
Allls-Chalmers  as  part  of  the  pilot  batch  kiln  tests.  Table  4  summarizes 

the  results  of  these  analyses;  the  actual  test  data  are  given  in  Annex  2. 

It  is  obvious  that  the  01  soil,  which  Is  principally  calcium  carbonate, 
exhibits  substantial  weight  loss  as  a  result  of  calcination  (decarboxyla¬ 
tion).  The  theoretical  weight  loss  attributed  to  conversion  of  CaC03  to  CaO 
(with  the  release  of  CO2)  is  44  percent.  Calcination  occurs  at  temperatures 
above  about  625°C,  with  a  corresponding  large  endotherm.  The  Eglin  soil 
showed  a  moderate  and  extended  exotherm  between  about  270  and  550°C,  where  a 
sharp  endotherm  occurred;  only  a  small  weight  loss  occurred.  The  NCBC  soil 
showed  a  major  and  extended  endotherm  between  about  225  and  550°C,  where  a 
sharp  endotherm  occurred.  A  marked  weight  loss  occurred  above  that  tem¬ 
perature,  starting  at  630°C. 

Allls-Chalmers  also  performed  sieve  analyses  and  bulk  density  measure¬ 
ments  on  soil  before  and  after  pilot  batch  kiln  processing.  These  results 
are  discussed  in  Section  IV  and  the  data  are  presented  in  Annex  4. 

C.  ANALYSIS  OF  HERBICIDE  CONTAMINATION 

The  prepared  uncontaminated  and  contaminated  soils  were  sampled  and  ana¬ 
lyzed  by  ITC  for  the  primary  chemical  constituents  of  Herbicide  Orange  and 


TABLE  4.  SUMMARY  OF  THERMAL  ANALYSIS  RESULTS3 


Initiation 

of 


Soil 

identifl cation 

Weight 
loss  (%)b 

Correspondi ng 
temperature 
range  (°C) 

exotherm 

or 

endotherm  (°C)c 

01 

1.4 

25  -  350 

130  (-) 

42.5 

350  -  1050 

310  {-) 

733 

Eglin 

2.4 

25  -  1050 

270  (+) 

550  (-) 

NCBC 

0.3 

25  -  200 

225  (+) 

1.4 

200  -  520 

550  (-) 

3.8 

520  -  1090 

“53 

^efer  to  Annex  4  for  DSC  and  TGA  data. 
bPercent  of  Initial  gross  weight. 
CExotherm  «  (+),  Endotherm  ■  (-) 
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for  COD  and  CDF  compounds,  including  2,3,7,8-TCDD.  Arsenic  was  also  ana¬ 
lyzed  to  establish  If  any  Herbicide  Blue  contanrl nation  was  present. 

Herbicide  Blue  Is  conposed  principally  of  sodium  dimethyl  arsenate.  The 
uncontam1nated“  samples  were  analyzed  to  establish  a  baseline  concentration 
of  all  constituents.  Standard  published  EPA  methods  listed  In  Table  5  were 
used  for  quantitative  determination  of  each  parameter,  except  for  the  sample 
preparation  and  analysis  of  2,3,7,8-TCOD  and  other  CDDs  and  CDFs,  which  are 
descrl bed  1 n  Annex  5 . 

Two  pretreatment/extraction  procedures  were  used  for  the  untreated  soil 
samples  to  evaluate  potential  differences  In  the  accuracy  of  analytical 
results.  Previous  studies  with  thermally  treated  Missouri  soil  samples 
demonstrated  significantly  lower  2,3,7,8-TCDD  results  using  the  standard  jar 
extraction  procedure  with  hexane/methanol  (specified  by  EPA  -  CLP)  than  the 
more  rigorous  procedure  involving  Soxhlet  extraction  with  benzene  after  acid 
treatment  of  the  sample.  Therefore,  the  Soxhlet  procedure  was  used  for  all 
thermally  treated  samples.  Both  procedures  were  used  for  untreated  soil 
samples  for  comparative  purposes,  and  a  comparison  of  results  Is  given  in 

Annex  6. 

The  method  used  for  determining  2,4-DBE  and  2,4,5-TBE  actually  measures 
the  free  acids,  2,4-D  and  2,4,5-T,  after  chemically  converting  any  esters 
present  to  the  respective  acid.  Therefore,  the  reported  values  represent 
the  combined  ester  and  acid  concentration  present  In  the  soil. 

Three  aliquots  of  soli  were  taken  from  each  prepared  soil  sample  and 
submitted  for  2,3,7,8-TCOD  analysis.  Other  parameters  were  determined  on 
single  aliquots.  The  results  of  the  triplicate  analyses,  using  both  saaple 
preparation  procedures,  are  given  in  Annex  6.  Tables  6  and  7  sunoarize^  . 
the  analytical  results  for  the  baseline  ( *uncont ami nated")  and  contaminated 

soil  samples.  Annex  7  gives  the  specific  analytical  data,  The  baseline 
soils  showed  the  presence  of  very  low  (<1  ppm)  levels  of  herbicide  constit¬ 
uents.  No  2,3,7,8-TCOD  was  detected  at  analytical  detection  limits  of  0.2 
to  0.8  ppb,  although  total  tetra  isomers  were  detected  In  the  Eglln  and  NCBC 
samples.  Hepta  COD  was  detected  In  both  01  and  NCBC  samples  at  less  than  1 
ppb  and  octa  COD  was  found  at  1  to  3  ppb  In  all  three  baseline  soil  samples. 
The  only  COF  detected  was  for  the  total  octa  Isomers  In  the  NCBC  sample. 
Arsenic  was  not  detected  In  any  sample  at  the  normal  detection  limit  of  1 
ppm  for  the  analytical  method  used. 

The  contaminated  test  soils  contained  approximately  0.1  to  0.2  weight 
percent  Herbicide  Orange  based  on  the  combined  values  for  2,4-0  (Including 
2,4-OBE)  and  2,4,5-T  (Including  2,4,5-TBE).  Three  phenols  were  detected, 
with  2,4,5-trlchiorophenol  the  cost  significant  at  concentrations  of  about 
50  ppm.  The  concentrations  of  2,3,7,8-TCDD  were  approximately  100  ppb  for 
J!  and  Eglln  and  500  ppb  for  NCBC.  These  values  were  considered  appropriate 
for  conducting  treatability  tests  since  they  represented  the  higher  range  of 
values  determined  In  site  surveys.  No  other  COOs  were  detected  except  hepta 
and  octa  isomers  in  the  Jl  soil  and  octa  Isomers  In  Eglln.  TCOF  was 
detected  above  1  ppb  in  all  samples,  and  OCDF  was  detected  in  Jl  soil. 
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TABLE  5.  ANALYTICAL  METHODS  USED  FOR  DETERMINATION  OF  HERBICIDES 


Parameter 

Sample  preparation 

Analytical 

method 

2.4-0BE/2.4-D 

and 

2,4,5-TB£/2,4,5-T 

8150a 

8150a 

Chlorophenols 

3540a 

8040a 

2,3,7,8-TCDD 

EPA-CLPb 

and 

Ac1d/Soxhletc 

EPA-CLPb 

Arsenic 

3020a 

7060a 

aTest  Methods  for  Evaluating  Solid  Wastes,  SW-846,  End  Edition,  U.S. 
EPA,  July  1982. 

V)  — '  ’  -  — 

Described  In  EPA~EMSL  IFB  Solication  WA-64-A002.  Detailed  procedure 
given  in  Annex  5. 


Stalled  procedure  given  In  Annex  5. 


TABLE  6.  ANALYSIS  Oc  BASELINE  SOIL  SAMPLES 
FOR  COMPOUNDS  OF  INTEREST3 


Compound 

concentration^  (pob) 

JI . 

'  Eg  Hn  - 

”  NcBt 

2,4-D 

160 

160 

470 

2,4,5-T 

210 

240 

150 

2,4-dichlorophenol 

ND(1000) 

ND(1000) 

NO(IOOO) 

2,4,6-trichlorophenol 

ND(IOOO) 

ND(1000) 

ND(IOOO) 

2,4,5-trichlorophenol 

ND(IOOO) 

ND(IOOO) 

ND(IQOQ) 

Arsenic 

ND(1C,OOQ) 

ND(10,000) 

NO (10, 000) 

2,3,7,8-TCDD 

NL(0.5) 

ND(0.8) 

ND(0.2) 

TCDD 

ND(0.52) 

0.31 

0.13 

TCDF 

ND(0.17) 

ND(0.52) 

ND(O.ll) 

PCDD 

ND(0.41) 

ND(0.81) 

ND(0.42) 

PCOF 

ND(0,33) 

ND(0.96) 

ND(0.76) 

HXCDD 

ND(0. 84) 

ND(0.37) 

N0(0.60) 

HXCDF 

ND(0.21) 

ND(Q.?7) 

ND(0.18) 

HpCDD 

0.63 

ND(0.17) 

0.73 

HpCDF 

ND(l.O) 

ND(l.O) 

ND(l.O) 

OCDD 

1.73 

2.6 

2.0 

OCDF 

ND(O.ll) 

ND(0.06) 

0.26 

aSo11s  were  analyzed  after  preparation  according  to  protocol  described  In 
Section  III  (e.g.,  <2  mm,  air  dried), 

&ND  *  not  detected  using  the  analytical  procedure  Identified  In  Table  5. 
Detection  levels  given  in  parentheses. 
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TABLE  7. 

ANALYSIS  OF  CONTAMINATED  SOIL  SAMPLES 
FOR  COMPOUNDS  OF  INTEREST* 

Concent rat lonL  CDDb ) 

Compound 

dl 

£g11n 

NCBC  — 

2,4-4) 

900,000 

1,200,000 

370,000 

2,4,5-T 

890,000 

1,700,000 

710,000 

2, 4-di chi orophenol 

1,900 

2,400 

1,100 

2,4, 6-t rl chi orophenol 

1,100 

NO 

ND 

2, 4, 5-t  rl chi orophenol 

38,000 

20,000 

53,000 

Arsenic 

ND(10,000) 

ND( 10,000) 

ND(10V000) 

2,3,7,8-TCDD 

106c 

101c 

494c 

TCDO 

126 

127 

604 

TCDF 

6.6 

2.1 

2.3 

PCDD 

ND(1.09) 

ND(1.5) 

ND(0.48) 

PCQF 

ND(1.7) 

NO  ( 1 . 6 ) 

ND(1.9) 

HXCDD 

ND{3.7) 

ND(1.2) 

ND(0.59) 

HXCDF 

ND(0.67) 

ND(0.73) 

ND{3.6) 

HpCDD 

29.0 

KD(0.72) 

ND(1.5) 

HpCDF 

N0(3.5) 

N0(2.1) 

ND(1.7) 

OCDD 

32.0 

2.6 

ND(2.4) 

OCD? 

1.3 

N0(0.33) 

ND(0.98) 

•Soils  were  analyzed  after  preparation  according  to  protocol  (e.g.,  <2  ton, 
air  dried). 

&ND  •  not  detected.  Detection  levels  given  in  parentheses. 

Average  of  analyses  of  triplicate  aliquots  of  prepared  test  soil.  Values 
for  other  compounds  are  for  a  single  aliquot. 
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Arsenic  was  not  detected  in  any  sample  at  the  1  ppm  detection  limit.  No 
additional  arsenic  analyses  were  performed  for  any  test  samples. 

Table  8  compares  the  relative  concentrations  of  2,3,7,8-TCDD,  the  three 
chlorophenols,  and  2,4-DBE  to  the  principal  Herbicide  Orange  constituent, 
2,4,5-TBE.  These  ratios  can  be  evaluated  relative  to  the  original  com¬ 
position  of  Herbicide  Orange  reported  in  previous  studies  by  the  Air  Force 
(Reference  2).  The  chlorophenols  are  present  at  approximately  the  same 
relative  concentrations  as  the  original  material,  whereas  the  2,3,7,8-TCDD 
levels  are  approximately  three  orders  of  magnitude  higher  than  levels  deter¬ 
mined  in  the  original  material.  This  could  be  a  result  of  differences  in 
volatilization  rates  and  chemical  decomposition  occurring  in  the  environmant 
during  the  past  decade. 
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TABLE  8.  EVALUATION  OF  RELATIVE  CONCENTRATIONS  OF  HERBICIDE 
CONSTITUENTS  FOR  CONTAMINATED  TEST  SOILS 


=TBE - 

Compound 

JI 

Eg!  in 

ncbC 

2,4-DBEa 

1.04 

0.723 

0.534 

2,4,5-TBEa 

1.00 

1.00 

1.00 

2, 4-di chi orophenol 

1.75  X  10-3 

1.16  X  IO"3 

1.27  X  IO”3 

2,4, 6-tri chi orophenol 

1.01  X  io-3 

b 

b 

2, 4, 5-t  rl chi orophenol 

3.5  X  10-2 

9.6  X  10-3 

6.12  X  IO"2 

2,3,7,8-TCDD 

9.76  X  IQ*5 

4.87  X  10-5 

5.70  X  IO'4 

a2,4-DBE  ■  butyl  ester  of  2,4-D;  2,4,5-TBE  *  butyl  ester  of  2,4,5-T. 
b2, 4, 6-trl chi orophenol  was  not  detected  for  these  samples. 


25 


SECTION  III 

LABORATORY  TREATABILITY  TESTS 


A  series  of  bench  scale  tests  was  performed  to  establish  the  effect  of 
the  key  process  variables,  residence  time  and  temperature,  on  the  treatabil¬ 
ity  (dioxin-removal  efficiency)  of  the  three  test  soils.  After  the  soils 
were  prepared  by  drying  and  screening  as  described  In  Section  II,  separate 
Aliquots  were  placed  In  a  small  furnace  for  different  time  periods.  The 
treated  samples  were  analyzed  for  2,3,7,8-TCDD  and  the  results  were  eval¬ 
uated  to  determine  the  relationship  between  treatment  conditions  and  final 
concentration  of  2,3,7,8-TCDD.  These  results  were  also  compared  to  previous 
results  In  which  Missouri  soils  were  used.  This  section  describes  the 
experimental  activities  and  test  results. 

A.  EXPERIMENTAL  PLAN 

Experimental  activities  for  this  project  were  conducted  at  ITC's 
Environmental  Research  Laboratory  In  Knoxville,  Tennessee.  A  specially 
designed  "h1gh-hazard“  section  of  the  laboratory  permitted  the  dioxin- 
contaminated  soils  to  be  prepared,  tested,  and  analyzed  safely  and  effi¬ 
ciently.  This  entire  section  of  the  laboratory  Is  designed  for  the  safe 
handling  and  analysis  of  chemicals  and  samples  having  toxic  or  unknown  prop¬ 
erties.  This  laboratory  has  four  Isolated,  negative-pressure  cubicles  that 
contain  hoods  and  laboratory  benches  constructed  of  materials  selected  for 
easy  decontamination.  Total  containment  Is  assured,  since  all  used  water  Is 
collected  and  all  air  leaving  the  facility  Is  filtered  through  HEPA  and 
activated  carbon  filters  on  the  high-velocity  hoods.  All  dioxin-containing 
materials  generated  from  test  activities  were  packaged  and  stored  for 
disposal. 

The  results  developed  from  this  study  were  obtained  using  a  simple  and 
consistent  experimental  method  and  apparatus  designed  to  expose  the  study 
soils  to  a  specified  temperature  for  a  specified  time*  Treatability  was 
measured  by  comparing  the  analyses  of  2,3,7,8-TCDD  In  the  untreated  and 
treated  soil.  The  test  equipment  and  procedures  are  described  In  this  sec¬ 
tion.  The  features  Incorporated  Into  the  test  system  and  procedures 
Included  (1)  sufficient  soil  quantity  to  enable  analytical  sensitivity  below 
1  ppb  and  duplicate  analysis  as  necessary,  (2)  a  static  but  very  thin  layer 
of  soil  to  minimize  the  potential  effects  of  temperature  gradients  and  gas- 
phase  diffusion  (In  terms  of  both  release  of  volatilized  materials  and  expo¬ 
sure  to  the  purge  gas),  and  (3)  quickly  achieving  and  maintaining 
steady-state  conditions.  The  experimental  apparatus  and  procedures  were  the 
same  as  those  used  on  previous  treatability  testing  of  Missouri  soils.  A 
QA/QC  plan  was  prepared  and  followed  during  the  testing. 
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B.  THERMAL  TREATMENT  TEST  EQUIPMENT 


The  principal  test  equipment  was  a  Lindberg  furnace,  Model  51848,  with 
an  electronic  temperature  controller  and  1600-watt  heater  system.  The  oven 
Is  double-shell  construction  with  Interior  surfaces  made  of  Moldatherm*,  a 
molded  aluminum-silicate  Insulation  material.  This  oven  is  capable  of 
operating  up  to  1100°C  and  has  a  relatively  fast  heat-up  rate  due  to  low 
mass.  The  Interior  space  Is  approximately  10  cm  wide  by  11  cm  high  by  21  cm 
deep.  A  loose  block  (1.2  cm  thick)  of  Moldatherm  is  placed  on  the  bottom  of 
the  oven  to  provide  additional  separation  between  an  object  placed  In  the 
oven  and  the  hot  Interior  surface  of  the  oven.  A  built-in  thermocouple  was 
used  to  control  the  Interior  oven  temperature  to  the  set  point.  The  oven 
was  placed  inside  a  bench-top  hood  for  all  tests.  Several  modifications 
were  made  to  the  oven.  Incoloy*  (3/8  Inch)  tubing  was  Inserted  through  the 
back  wall  and  connected  to  an  air  cylinder  to  provide  continuous  purging  of 
the  Interior  space  during  each  test.  The  purge  gas  was  directed  against  the 
back  wall  to  promote  preheating  and  distribution.  The  purge  gas  flow  rate, 
measured  with  a  standard  rotometer,  was  maintained  at  approximately  100 
cc/mlnute,  equivalent  to  about  5  percent  turnover  per  minute.  A  separate 
thermocouple  was  used  to  measure  the  test  temperature.  This  NBS  traceable. 
Type  K,  sheathed  thermocouple  was  placed  approximately  3  centimeters  above 
the  soil  surface  at  the  center  of  the  oven.  The  thermocouple,  the  tem¬ 
perature  Indicator,  and  the  purge  gas  rotometer  were  calibrated  before 
testing.  A  Kelthley  Model  871  Digital  Temperature  Indicator  was  used  with 
both  thermocouples. 

A  specially  made  tray  was  used  to  contain  the  soil  within  the  oven.  The 
tray,  which  weighed  approximately  430  grams,  was  9  cm  wide  by  3.2  cm  high  by 
19.3  cm  long  and  made  of  Incoloy  to  resist  oxidation  at  the  expected  maxlnum 
test  temperatures.  A  separate  Incoloy  lid  was  used  to  cover  the  tray  when 
necessary.  The  soil  was  leveled  within  the  tray  to  a  fixed  uniform 
thickness  of  approximately  2.5  mm.  Figure  1  Is  a  scale  schematic  drawing  of 
the  interior  of  the  oven,  with  tray  Inserted. 

C.  STANDARD  TEST  PROCEDURE 

The  standard  thermal  desorption  test  consisted  of  the  following  steps: 

1.  Initiate  a  data  log  sheet  (see  Annex  6). 

2.  Weigh  the  empty,  clean  tray. 

3.  Transfer  a  representative  aliquot  (-30  grans)  of  prepared  soil  from 
the  jar  to  the  tray  using  a  stainless  steel  scoop* 

4.  Weigh  the  soil  and  tray  and  adjust  the  soil  quantity  to  achieve 
approximately  30  grams,  which  results  in  the  approximate  desired 
soli  depth. 

5.  Distribute  and  level  the  soil  within  the  tray  to  -2.5  mm.  Return 
excess  to  the  sample  jar. 
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Schematic  of  Oven  Interior 


6.  Turn  the  purge  gas  flow  on  to  the  proper  setting  on  the  rotometer. 

7.  Place  the  tray  with  soil  in  the  oven  at  ambient  temperature  and 
close  the  oven  door. 

8.  Set  the  oven  temperature  controller  set-point  to  the  target  test 
temperature  and  start  the  timer. 

9.  Monitor  and  record  the  times  and  temperatures,  periodically, 
throughout  the  test  period. 

10.  When  the  prescribed  residence  time  at  the  target  temperature  is 
reached,  shut  off  the  oven  heater  and  purge  gas  flow  and  open  the 
oven  door. 

11.  Cautiously  withdraw  the  hot  tray  and  soil  using  special  tongs, 
place  a  cover  on  the  tray,  and  place  the  covered  tray  In  a  separate 
hood  for  cooling  for  approximately  1  hour. 

12.  Close  the  oven  door  and  set  the  temperature  at  600°C  for  approxi¬ 
mately  10  minutes.  This  step  is  to  ensure  that  no  residual 
materials  from  the  sample  remain  In  the  oven. 

13.  Weigh  the  tray  (without  cover)  plus  treated  soil. 

14.  Transfer  an  aliquot  (typically  about  10  grams)  of  treated  soil  from 
the  tray  to  a  tared,  250  cc,  wl demouth,  amber  bottle  with  Teflon- 
lined  cap.  Code,  label,  and  submit  this  aliquot  for  2,3,7,8-TCDD 
analysis.  Transfer  the  remainder  of  the  treated  soil  to  an  Iden¬ 
tical  type  bottle,  label  and  store  as  a  retainer. 

IB.  Clean  the  tray,  cover,  and  nondisposable  Implements  using  the 
following  procedure: 

•  Rinse  with  acetone  and  wipe  clean 

•  Scrub  with  detergent  (Alconox*)  solution  and  rinse  with  hot 
tap  water  followed  by  distilled  water 

e  Rinse  with  acetone  and  allow  to  dry 
«  Rinse  three  times  with  methylene  chloride  (e.g.,  -15-25  ml 
each  rinse  for  the  trey) 
t  Air  dry  and  store. 

0.  TREATABILITY  TEST  RESULTS  AND  DISCUSSION 

A  total  of  16  separate  thermal  desorption  tests  were  performed  using 
three  different  test  temperatures,  ranging  from  about  430°C  to  560°C,  for 
times  between  8  and  30  minutes.  Two  sets  of  duplicate  tests  were  Included 
for  QA/QC  purposes.  All  tests  were  performed  using  soil  prepared  as 
described  previously,  except  for  two  tests  which  used  oversize  (>2  mm) 
pieces  of  JI  and  NCBC  soil  to  Investigate  any  differences  In  treatability 
due  to  gross  differences  In  particle  size.  The  test  results  are  presented 
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according  to:  (1)  treatability  or  removal  efficiency  for  the  herbicide 
Constituents  and  (2)  effects  of  treatment  on  soil  characteristics. 

Experimental  data  are  summarized  in  Annex  8.  Annex  7  presents  all  the, 
analytical  data  while  Annex  6  gives  QA/QC  results.  _  ~  “ 

1.  Treatability  Data 

Analysis  and  interpretation  of  the  test  results  must  consider  the  typi¬ 
cal  temperature  profile  (temperature  vs  residence  time)  for  the  small  oven 
system  used  In  testing.  The  soil  samples  were  placed  in  the  oven  at  ambient 
temperature,  and  the  Initial  test  period  involved  heating  the  oven  and  soil 
to  the  target  test  temperature.  This  unsteady  state  heat-up  period  lasted 
from  about  5  to  9  minutes,  with  longer  time  corresponding  to  higher  ultimate 
temperature.  Figure  2  Illustrates  typical  teraperature'proflles  for  the 
three  target  test  temperatures.  The  target  test  time  was  Initiated  (at  time 
zero)  when  the  test  temperature  reached  approximately  the  target  test  tem¬ 
perature. 

Treatability  or  removal  efficiency  was  determined  by  measuring  the  final 
concentration  of  2,3,7,8-TCDD  and  comparing  It  to  the  initial  concentration 
and  the  criteria  or  goal  of  1  ppb.  Test  conditions  (time  and  temperature 
combinations)  were  based  on  previous  treatability  tests  to  demonstrate  the 
Influence  of  these  two  parameters  on  treatment.  Longer  times  were  selected 
for  certain  tests  using  the  NCBC  soil  which  had  considerably  higher  Initial 
concentration  than  the  other  two  test  soil  samples  (l.e.,  -500  ppb  vs  -100 
ppb).  The  residence  times  were  considered  representative  of  the  normal 
operational  capabilities  of  the  MIS. 

Table  9  summarizes  the  treatability  test  results,  arranged  by  test  tem¬ 
perature,  soil  type,  and  treatment  time.  The  test  number  Is  listed  for 
reference  to  data  given  In  Appendix  F.  The  results  for  each  soil  were 
plotted  In  Figures  3,  4,  and  5  to  show  the  effects  of  time  and  temperature. 
Oata  for  all  three  soils  at  481 °C  were  plotted  In  Figure  6  to  show  the 
effect  of  soil  type.  The  shape  of  the  treatability  curves  In  these  figures 
was  developed.  In  part,  based  on  previous  testing  with  Missouri  soil  which 
yielded  more  data  points  (times)  for  each  particular  target  test  tem¬ 
perature. 

The  data  show  that  treatment  of  all  three  soils  to  less  than  1  ppb 
2,3,7,8-TCDD  is  feasible  If  temperatures  of  500*C  or  more  are  achieved.  The 
results  are  very  similar  to  those  obtained  In  previous  tests  with  Missouri 
soils.  Table  10  lists  the  calculated  removal  efficiencies  for  2,3,7,8-TCDD. 
Nearly  all  tests  above  the  minimum  temperature  resulted  In  at  least 
99  percent  removal.  The  significant  effect  of  temperature  appears  to  be 
more  pronounced  for  JI  soil,  which  showed  very  low  removal  efficiency  at  the 
lowest  temperature  of  429°C.  The  coarse  (>2  mm)  particle  size  material  had 
lower  final  2,3,7,8-TCDD  concentration  than  the  prepared  (<2  mm)  soil  used 
for  most  tests,  despite  the  fact  that  analysis  of  an  aliquot  of  coarse 
material  from  NCBC  Indicated  a  higher  Initial  2,3,7,8-TCDD  concentration. 
Since  there  Is  considerable  variation  In  the  type  of  soil  particles  within 
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Time  (minutes) 

plcal  Time-Temperature  Profiles 
r  Laboratory  Desorption  Tests 


TABLE  9 

.  SUMMARY  OF  TREATABILITY  RESULTS  -  EFFECT  OF  TIME  AND 
TEMPERATURE  ON  FINAL  CONCENTRATION  OF  2,3,7,8-TCDD 

Nominal 

lime  at 

Final 

test 

test 

2,3,7,8-TCDD 

temperature* 

Soil 

tempera tureb 

concentration 

Test 

re) 

Identification 

(min) 

(ppb) 

number 

430 

JI 

20 

38.5 

15 

Eglln 

20 

4.4 

16 

NCBC 

30 

27.4* 

14 

25.7C 

481 

JI 

15 

4.5 

1 

JI 

30 

1.6 

5 

JI  (>2  mm) 

30, 

0.44 

12 

Eglln 

15d 

1.3 

2* 

Eglln 

15d 

0.8 

4d 

Eglln 

30 

0.45 

3 

NCBC 

15 

10.1 

9 

NCBC 

30 

4.6 

10 

NCBC  (>2  ram) 

30 

0.74 

11 

558 

JI 

8 

Q.81c 

6 

JI 

c 

Q.31c 

c 

Eglln 

8 

0.71 

7 

NCBC 

15d 

0.99 

NCBC 

15d 

0.53 

13d 

^efer  to  time -temperature  data  (Annex  8)  for  exact  temperatures  during  entire 
test.  _ 

^Thls  period  begins  at  “zero  time"  when  the  target  test  temperature  Is 
reached;  zero  time  Is  actually  5  to  9  minutes  after  start  of  heat-up. 

Analytical  duplicate;  separate  aliquots  of  treated  soil  were  analyzed. 
^Experimental  duplicates. 
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Treatment  Tim*  (minut**) 


Figure  3.  Effect  of  Time  and  Temperature  on  Removal 
of  2,3,7,8,-TCDD  from  JI  Soil 
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Figure  6.  Effect  of  Treatment  Time  at  481°C 
on  Removal  of  2,3,7 ,8-TCOD 
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TABLE  10.  CALCULATED  REMOVAL  EFFICIENCIES  FOR  2,3,7,8-TCQD 


Test 

number 

Initial 

2,3,7,8-TCDD 

concen¬ 

tration 

(ppb) 

Mnai 

2,3,7,8-TCDD 

concen¬ 

tration 

(ppb) 

Removal 

efficiency3 

(%} 

15 

106 

38.5 

65.51 

16 

101 

4.4 

95.72 

14 

494 

26.6b 

94.75 

1 

106 

4.5 

96.00 

5 

106 

1.6 

98.58 

12c 

106 

0.44 

99.61 

2d 

101 

1.3 

98.74 

4d 

101 

0.8 

99.22 

3 

101 

0.45 

99.56 

9 

494 

10.1 

98.01 

10 

494 

4.6 

99.09 

lld 

148 

0.74 

99.51 

6 

106 

G.56b 

99.29 

7 

101 

0.V1 

99.31 

8d 

494 

0.99 

99.81 

13d 

494 

0.53 

99.90 

^eooval  Efficiency  ■ 


100  1- 


(Final  cone.  X  treated  sample  weight) 
(FnltYaf  cone.  \  untreated  sample'  weight)  * 


^Average  of  analytical  duplicates. 
cTest  soil  was  >2  aw  fraction. 
^Experimental  duplicates. 
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the  NC8C  test  soil  sample,  It  Is  possible  that  the  actual  aliquot  of  over¬ 
size  material  used  in  the  test  had  a  much  lower  Initial  concentration.  On 
the  other  band*  these  results  may  be  due  to  the  distribution  or  location  of 
herbicide  on/wlthln  the  soil  matrix.  Coarse  material,  being  comprised  more 
of  impervious  gravel  and  shells,  may  contain  predominantly  surf 1 clal  depo¬ 
sits  of  herbicide,  which  vaporize  more  readily;  heat  and  mass  transfer  are 
not  expected  to  significantly  affect  desorption  rates  for  surf  1  dal  depos¬ 
its. 


For  the  tests  performed  at  558°C  which  gave  final  2,3,7,8-TCDD  values 
less  than  1  ppb,  analysis  of  the  treated  soil  was  also  done  for  the  her¬ 
bicide  constituents  Identified  In  the  untreated  test  soil  (see  Section  II). 
Table  11  lists  these  results.  For  all  soils,  the  residual  concentration  of 
2,4-0  was  nondetectable  at  less  than  50  ppb  detection  level  and  2,4,5-T  was 
detected  at  less  than  20  ppb.  This  represents  a  removal  efficiency  of 
greater  than  99.99  percent  as  given  In  Table  12.  The  residual  con¬ 
centrations  of  the  three  chlorophenols  could  not  be  determined  below  the 
normal  detection  level  (1  ppm)  by  the  standard  analytical  protocol  used. 

Residual  concentrations  of  all  CDD  and  CDF  cogeners  above  tetra  were 
non-detectable  at  levels  typically  less  than  0.5  ppb  except  for  the  JI 
samples.  The  hepta  and  oeta  CDO  contained  in  the  untreated  JI  soil  were 
effectively  removed,  although  a  residual  concentration  of  octa  CDF  repre¬ 
sented  25  percent  of  the  starting  concentration.  The  detection  levels  of 
the  thermally  treated  samples  were  lower  by  a  factor  of  2  to  8  times, 
apparently  because  of  the  absence  of  other  chemical  compounds  and  the 
reduced  interaction  of  the  CDDs  and  COFs'wIth  the  soil  matrix  (Section  II). 
The  residual  concentration  of  TCDF  compared  to  the  untreated  soil  indicates 
a  removal  efficiency  of  only  about  90  percent  for  JI  soil  and  80  percent  for 
NCBC,  although  final  concentrations  were  less  than  0.7  ppb  for  all  soils. 
This  1$  contrasted  to  the  removal  efficiencies  for  2,3,7,8-TCDD  of  greater 
than  99  percent. 

2.  Physical  Effects  of  Treatment 

Visual  Inspection  and  weight  loss  measurements  were  conducted  to 
understand  the  changes  In  the  soil  matrix  caused  by  the  exposure  to  high 
teeperatures.  OTA  analysis  of  each  soil  was  discussed  In  Section  II.  The 
test  temperatures  used  In  the  treatability  study  were  lower  than  the  DTA 
range  and  lower  than  the  teeperatures  achieved  In  the  batch  pilot  kiln 
tests.  Therefore,  transformations  observed  during  the  treatability  tests 
are  not  fully  Indicative  of  expected  behdvlor  In  the  NIS. 

Table  13  presents  the  data  on  the  total  weight  loss  which  occurred  as  a 
result  of  thermal  treatment,  and  compares  this  Toss  with  the  theoretical 
loss  attributed  to  Initial  "free  moisture."  The  final  column  of  values 
represents  the  weight  loss  unaccounted  for  by  initial  moisture  and  Is 
assumed  to  be  a  result  of  combined  thermochemical  transitions  of  the  mineral 
and  organic  matter  In  each  soil  matrix.  The  data  are  arranged  by  soil  type 
and  In  order  of  Increasing  teoperature  and  time.  All  three  soils  show  some 
Increase  In  unaccounted-for  weight  loss  as  the  temperature  Increases.  This 
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TABLE  11.  ANALYSIS  OF  TEST  SOIL  SAMPLES  TREATED  AT  558°C 
FOR  COMPOUNDS  OF  INTEREST 


Concentration' 


Compound 

— op - 

Egl1nb 

NCBCc 

2,4-D 

ND(47) 

ND(12) 

HD (31 ) 

2,4,5-T 

16 

0.8 

3 

2,4-dlchlorophenol 

ND(1000) 

ND(1000) 

ND(1000) 

2, 4, 6-t rl chi orophenol 

ND(IOOO) 

ND(1000) 

ND(IOOO) 

2.4,5-trlchlorophenol 

ND(1000) 

ND(1000) 

ND(1000) 

Arsenic 

NAd 

NAd 

NAd 

2,3,7,8-TCDD 

0.81/0. 31e 

0.71 

0.99/0.55* 

TCDD 

0.27 

0.42 

1.6 

TCOF 

0.63 

0.40 

ND(0.26) 

PCDD 

ND(0.35) 

ND(0.29) 

ND(0.3Q) 

PCDF 

ND(0.44) 

ND(0.39) 

ND(0.79) 

HXCDD 

ND(0.40) 

ND(0.44) 

ND(0.41) 

HXCDF 

ND(0.82) 

ND(0.31) 

ND(0.41) 

HpCOD 

NO ( 0. 20) 

ND (0. 34) 

ND(0.30) 

HpCOF 

ND(0.52) 

ND(0.78) 

ND(0.49) 

OCDD 

ND(0.34) 

140(0.68) 

ND(0.49) 

OCOF 

0.30 

ND(0.40) 

ND(0. 38) 

aND  ■  not  detected  using  the  analytical  procedure  Identified  In  Section  II. 
Detection  levels  are  given  In  parentheses. 

^Tliee  at  550*C  ■  8  minutes. 
cTlme  at  550*C  ■  15  minutes. 

^Arsenic  not  analyzed  on  treated  soils  since  It  was  not  detected  in  Initial 
test  soils. 

eAna!yt1cal  duplicates. 

* Experl mental  duplicates. 
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TABLE  12.  CALCULATED  REMOVAL  EFFICIENCIES  FOR  2,4-OBE  AND  2,4,5-TBE 
AFTER  TREATHENT  AT  558«C 


Test 

mutter 

SMT> 

Identification 

[j.  ^ 1 1  *1T/- 1  tt  tt  t*f  i  t 

6 

JI» 

>99.995c 

99.9982 

7 

Egl1nb 

>99.999° 

99.9999 

8 

NCBC* 

=z=r=3== 

>99.991° 

rnramn^m  J 

bT1*e  of  treatment  ■  8  minutes. 


eight) 


ime  or  treatment  ■  o  minutes. 

Efficiency  calculated  based  on  detection  level  for  the  specific  analysis. 
4ft  me  of  treatment  •  15  minutes. 
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TABLE  13.  SUMMIT  OF  HE  I  fail  LOSS  MU  FROM  LABOR*  TORT  TREATABILITY  TESTS 


weight  loss,  which  Is  highest  for  JI  soil,  was  expected,  based  on  the  DTA 
results.  The  weight  loss  for  JI  soil  would  be  significantly  higher  at  tem¬ 
peratures  Above  those  used  for  the  treatability  tests  (see  Section  IV). 

The  visual  changes  which  occur  to  constituents  of  soil  exposed  to  high 
temperatures  can  Indicate  Irreversible  physical  and  chemical  transitions 
which  may  Influence  processing  characteristics  In  the  MIS.  For  example, 
upon  drying  a  moist  clay  can  frajpnent,  producing  many  very  fine  clay  par¬ 
ticles  which  show  greatly  different  behavior  In  the  kiln.  Attrition  and 
fusion  or  slagging  are  Important  changes  that  can  be  demonstrated  In  tench- 
and  pilot-scale  devices.  Combustion  or  pyrolysis  (charring)  of  organic 
matter  can  usually  be  detected  through  color  changes.  Color  change  may  alro 
Indicate  a  nrineraloglcal  transition. 

Inspection  of  the  three  test  soils  before  and  after  the  thermal  desorp¬ 
tion  tests  resulted  In  several  observations.  The  JI  soil  became  oarker 
(gray)  In  color  and  had  evidence  of  small  black  particles.  The  NCBC  and 
Eglln  soils  changed  from  brown  to  reddish  brown.  No  significant  difference 
In  particle  size  was  noticed.  Color  photographs  were  taken  of  the  soli 
samples  before  and  after  treatment  and  are  on  file  at  IT  Corporation. 


SECTION  IV 


BATCH  KILN  PILOT  TESTS 


A.  EXPERIMENTAL  PROCEDURES  AND  EQUIPMENT 

Pilot-scale  batch  kiln  tests  were  performed  on  uncontaminated  samples 
from  the  three  sites.  Testing  was  conducted  by  Allls-Chalmers  during  the 
period  of  January  9-11,  1985  at  Its  test  center  in  Oak  Creek,  Wisconsin. 

The  test  unit  and  procedures  have  been  used  by  Allls-Chalmers  for  studying 
the  processing  of  many  different  materials  other  than  soil.  The  test  con¬ 
ditions  were  specified  by  ITC  and  the  tests  were  witnessed  by  an  ITC  tech¬ 
nical  representative. 

Tests  were  conducted  In  a  14-1 nch  diameter  batch  kiln  which  is  shown 
sche-matlcally  In  Figure  7.  A  photograph  of  the  pilot  kiln  system  (being 
used  for  a  different  project)  Is  shown  in  Figure  8.  A  total  of  11  tests 
were  conducted,  using  the  three  soils.  The  test  conditions  are  summarized 
In  Table  14.  Sample  numbers  used  by  Allls-Chalmers  to  identify  the  three 
soils  are  given  for  references.  The  soil  samples  used  In  the  tests  were  not 
sieved;  the  particle  size  range  was  representative  of  the  composite  drum  of 
soil  as  received. 

All  tests  were  performed  so  that  the  final  kiln  temperature  was  approxi¬ 
mately  1038°C  (1900°F)  and  the  initial  kiln  loadings  were  7  percent  by 
, volume.  All  tests  were  made  with  a  kiln  rotational  speed  of  2.8  rpm.  These 
values  were  selected  to  be  representative  of  the  MIS;  the  temperature  and 
loading  are  approximate  upper  limits  of  the  operating  range.  Likewise,  the 
ranges  of  total  gas  flow  rates  were  chosen  to  reflect  the  ranges  of  super¬ 
ficial  gas  velocities  that  are  used  In  operation  of  the  MIS  at  50  percent 
excess  air  (10  percent  excess  oxygen)  In  the  kiln.  Three  gas  flow  rates 
were  selected  for  each  soil.  In  addition,  one  test  using  Eglln  soil  was 
performed  at  a  lower  gas  flow  rate  to  allow  comparison  with  previous  test 
data  from  Missouri  soils.  Another  test  using  Ji  soli  was  made  using  an 
Intermediate  gas  flow  rate  to  further  define  the  relationship  between 
entrainment  and  gas  flow  rate.  Higher  rates  of  gas  flow  were  not  possible 
due  to  limitations  of  the  batch  kiln. 

Each  test  was  run  for  60  minutes.  The  kiln  was  brought  up  to  tem¬ 
perature  and  the  initial  gas  flow  rates  were  set  before  charging  the  kiln 
with  a  preweighed  quantity  of  soil.  The  soil  charges  were  placed  into  the 
kiln  through  the  exit  gas  port,  using  a  shovel  made  for  this  purpose.  The 
kiln  Is  heated  using  natural  gas  and  air  and/or  oxygen  to  satisfy  coatoustlon 
parameters.  The  relative  feed  rates  of  these  three  gases  were  varied  during 
each  run  to  reach  and  maintain  the  desired  operating  temperature  while 
keeping  the  total  gas  flow  rate  constant  throughout  the  run.  The  gas  feed 
rates  given  In  Table  14  represent  the  equilibrium  rates  achieved  after 
reaching  steady-state. 
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Figure  7.  Schematic  Diagram  of  Pilot  Batch  Kiln 
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The  gas  and  soil  temperatures  were  taken  by  means  of  two  stationary 
thermocouples  Inserted  through  the  exit  gas  port  of  the  kiln.  Temperatures 
were  recorded  on  a  continuous  chart  recorder. 

Particles  escaping  from  the  gas  exit  port  were  collected  on  three  metal 
trays  placed  on  the  floor  and  weighed  after  each  test.  Particle  size  deter¬ 
minations  were  also  performed  on  the  collected  material.  For  tests  with  the 
highest  gas  velocity,  some  entrained  solids  fell  outside  the  area  covered  by 
the  trays.  When  this  occurred,  the  floor  was  swept  after  the  test  and  the 
sweepings  kept  separate  from  the  contents  of  the  trays.  Some  entrained  par¬ 
ticles  may  have  escaped  through  the  ventilation  hood  above  the  gas  exit 
port.  This  loss  Is  considered  to  be  negligible,  based  on  observations  made 
during  the  tests. 

During  Tests  3  and  5,  the  kiln  was  observed  to  leak  at  the  beginning  of 
each  test.  This  leakage  was  stopped  after  several  minutes.  The  spilled 
material  from  Test  5  was  collected  at  8  minutes  into  the  test  and  found  to 
weigh  0.66  kg.  The  material  was  allowed  to  remain  In  the  tray  during  Test 
3. 


During  Test  8,  a  power  outage  interfered  with  operation  of  the 
compressor  that  supplied  combustion  air  to  the  kiln.  The  reduced  air 
pressure  did  not  provide  the  desired  air  flow.  Therefore,  this  test  was 
performed  at  a  total  gas  feed  rate  of  32  scfm  for  40  minutes  and  then  at  24 
scfm  for  the  final  20  minutes  of  the  test. 

B.  TEST  RESULTS  AND  DISCUSSION 

1.  Visual  Observations 

During  batch  kiln  testing,  visual  observations  were  made  to  assess  the 
characteristics  of  the  soils  during  processing.  Jl  soil  was  observed  to 
break  apart  during  the  run.  The  greatest  apparent  attrition  occurred 
after  15  to  30  minutes.  Bed  temperatures  during  the  maxlnum  attrition 
period  were  about  850®C  (1562*F).  This  behavior  Is  considered  to  be  a 
result  of  physical  changes  occurring  during  calcination.  The  color  changed 
from  light  gray  to  white. 

Eglln  soli  showed  little  visual  change  during  the  tests  other  than  a 
slight  color  change.  Small  pieces  of  organic  matter  were  observed  to  burn, 
but  these  particles  amounted  to  only  a  very  small  percentage  of  the  soil. 

The  NCBC  soil  was  observed  to  have  significant  organic  “burnout*  during 
the  tests.  Burning  was  observed  both  from  fine  organic  matter  distributed 
evenly  within  the  soil  as  well  as  a  number  of  larger  pieces  such  as  small 
sticks.  After  heating  In  the  kiln,  this  soil  had  a  distinctly  different 
appearance,  changing  from  what  appeared  to  be  a  relatively  homogeneous  mass 
of  fine  material  with  some  shells  Intermixed  to  a  mixture  of  shell,  sand, 
and  small  gravel.  Treated  soil  appeared  to  have  a  ouch  higher  percentage  of 
shell  than  was  apparent  from  Inspecting  the  untreated  sample,  possibly  as  a 
result  of  attrition  of  nonshell  material  or  bum-off  of  superficial 
material. 
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In  contrast  to  previous  testing  on  Missouri  soil,  these  three  test  soils 
were  observed  to  have  significantly  greater  entrainment.  This  was  apparent 
if0?  th?  presence  of  particles  In  the  air-stream  exiting  the  kiln. 

Although  Most  o*  the  material  was  collected,  some  was  observed  as  being  In 
the  air  that  entered  the  fume  hood  positioned  over  the  exit  gas  port. 

Higher  superficial  gas  velocities  were  used  for  these  tests  than  for  pre¬ 
vious  tests.  Entrainment  Is  discussed  more  fully  below. 

2.  Test  Data 

The  11  test  runs  were  performed  at  constant  total  gas  feed  rates.  The 
relative  rates  of  air,  oxygen,  and  natural  gas  supplied  to  the  kiln  were 
adjusted  throughout  the  tests  to  maintain  the  desired  test  conditions  of 
1038°C  (1900°F)  and  10  percent  excess  oxygen  (-50  percent  excess  air).  Data 
sheets  given  In  Appendix  B  show  the  actual  gas  feed  rates  for  each  test, 
along  with  recorded  temperatures  of  the  gas  and  soil  bed. 

Feed  moisture  contents  given  In  the  data  sheets  represent  the  soil 
moisture  content  of  the  sables  as  received.  Previous  tests  with  Missouri 
soil  demonstrated  the  Influence  of  moisture  content  on  heat-up  rates,  attri¬ 
tion  and  entrainment;  the  Influence  of  moisture  content  was  not  studied 
during  this  test  work. 

a.  Height  Loss  Data 

The  data  sheets  in  Annex  4  give  the  specific  weights  of  product 

remaining  In  the  kiln,  exhaust  dust  collected Tn  trays  positioned  under  the 
exit  air  port  of  the  kiln,  and  floor  sweepings  taken  from  around  the  trays. 
The  floor  sweepings  were  taken  since  entrained  particles  were  observed  to 
fall  outside  the  area  covered  by  the  trays.  The  weight  of  entrained  dust 
for  each  test  was  taken  to  be  a  combination  of  collected  exhaust  dust  and 
floor  sweepings.  Charge  weights  were  determined  based  on  the  bulk  density 
of  the  soil  and  wera  calculated  to  be  equivalent  to  a  volume  of  soil  equal 
to  7  parcent  of  the  volume  of  the  batch  kiln.  Tabla  IS  coaparas  the  total 
product-plus-entralnmant  weight  with  the  charge  weight  and  demonstrates  the 
effect  of  differences  In  the  thermal  stability  and  composition  of  the  three 
soils.  All  tests  with  the  JI  soil  were  observed  to  have  a  significant  loss 
between  the  charge  weight  and  the  total  product  weight.  Some  of  this  loss 
Is  attributable  to  loss  of  moisture,  but  the  greatest  loss  Is  attributed  to 
calcination.  In  comparison,  the  Eglln  soil  had  only  a  small  weight  loss 
that  can  be  accounted  for  by  loss  of  moisture  and  organic  burnout.  The 
Gulfport  soil  experienced  a  weight  loss  Intermediate  between  the  other  two 
soils  which  was  attributed  to  a  combination  of  moisture  loss,  organic  burn¬ 
out,  and  calcination  of  the  many  shells  observed  In  the  soil  sample.  These 
results  ere  In  agreement  with  the  DSC/T8A  results  reported  In  Section  II. 

Bulk  densities  for  the  three  soils  es  received  are  given  In  Table  16. 
along  with  the  densities  of  the  kiln  products  after  the  tests.  It  S 
apparent  that  the  01  soil  underwent  a  significant  decrease  In  density  during 
the  tests.  This  Is  attributed  In  pa^t  to  the  weight  loss  caused  by  calcina¬ 
tion  (conversion  of  calcium  carbonate  to  calcium  oxide).  The  density  of 
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TABLE  16.  SOIL  BULK  DENSITIES  BEFORE  AND  AFTER  KILN  TESTS 


SiipTe 

or  test 

Number 

Soil 

description 

Density  (lb/ft3) 

Sample  4760 

Eglln  As  Received 

80.04 

Sample  4761 

JI  As  Received 

8S.98 

Sample  4768 

NCBC  As  Received 

78.92 

Test  1 

J I /After  Test 

55.56 

Test  2 

J I /After  Test 

54.31 

Test  3 

Eg 1 In/After  Test 

94.28 

Test  4 

J I /After  Test 

51.19 

Test  5 

Egl In/After  Test 

92.40 

Test  6 

Eg 1 In/After  Test 

92.40 

Test  7 

J I /After  Test 

47.45 

Test  8 

NCBC/After  Test 

84.29 

Test  9 

NCBC/After  Test 

87.41 

Test  10 

NC8C/After  Test 

118.63 

Test  11 

Elgin/After  Test 

93.03 

Eg! In  soil  appeared  to  Increase  slightly  during  the  test.  The  density  of 
NCBC  soil  Increased  slightly  In  two  tests  and  increased  a  moderate  amount  in 
the  third  test. 

b.  Particle  Entrainment  Data 

Based  on  the  total  combustion  gas  flow  through  the  pilot  kiln  given  In 
Table  14,  the  average  superficial  velocity  within  the  kiln  was  calculated. 
These  values  are  given  In  Table  17  and  compared  to  the  relative  weight  of 
entrained  soil.  Figure  9  shows  the  relationship  between  entrainment  and 
kiln  gas  superficial  velocity  for  the  three  soils.  Data  were  taken  at  gas 
superficial  velocities  representative  of  MIS  operation  at  50  percent  excess 
air.  One  test  for  Eglln  soil  at  2.3  feet  per  second  superficial  velocity 
was  observed  to  have  some  leakage  of  soil  from  the  front  of  the  batch  kiln. 
This  accounts  for  the  high  value  for  that  data  point. 

Entrainment  of  NCBC  soil  appears  to  have  the  greatest  dependence  on 
velocity  while  Eglln  soil  has  the  least.  Eglln  soil  had  high  entrainment 
for  the  entire  range  of  superficial  velocities,  while  the  other  soils  had 
lower  (less  than  10  percent  of  total  charge  after  60  minutes)  entrainment, 
particularly  at  low  gas  velocities. 

During  the  batch  kiln  tests,  the  soil  bed  was  watched  through  the  5-1nch 
diameter  exit  gas  port.  The  nature  of  the  air  currents  in  the  kiln  was 
noted  In  all  of  the  tests  and  could  be  observed  particularly  well  during 
periods  when  flames  were  present  In  the  kiln  as  the  result  of  organic  burn¬ 
out.  The  air  currents  appeared  to  be  turbulent  In  all  of  the  tests, 
although  tests  at  lower  gas  velocities  (1.8  and  2.3  feet  per  second)  had 
significantly  slower  "swirling*  of  flames. 

The  entrainment  process  appeared  to  be  influenced  by  kiln  rotation  and 
flow  characteristics  of  the  particular  soil.  As  particles  were  rolled  over 
and  subjected  to  the  gas  flow,  they  were  caught  by  swirling  currents 
(eddies)  near  the  soil  surface.  The  eddies  appeared  to  lift  soil  particles 
Into  the  exit  alrstream. 

A  direct  relationship  between  entrainment  In  the  pilot  kiln  and  the  MIS 
cannot  be  made,  so  the  values  given  In  Figure  9  are  not  representative  of 
the  MIS,  nor  can  slaple  correlations  be  used  to  predict  entrainment  rate.  A 
limited  study  of  entrainment  theory  was  carried  out  as  part  of  this  project 
to  understand  the  implications  of  the  batch  kiln  results*  Although  the 
literature  reports  empirical  relationships  which  are  useful  for  evaluating 
simple  flow  situations,  the  accurate  modeling  of  a  dlrect-flreo  rotary  kiln 
processing  a  diverse  range  of  solids  requires  considerable  additional  tech¬ 
nical  stuijy  and  testing.  A  brief  summary  of  literature  findings  is  pre¬ 
sented  In  Annex  9. 

c.  Particle  Size 

Screen  analyses  were  run  on  the  soil  samples  as  received,  and  for  each 
test  (Mi  kiln  products  and  entrained  dust  collected  on  the  trayf .  These  data 


TABLE  17.  SOIL  ENTRAINMENT  RESULTS  DURING  BATCH 


Soil 
Identification 


Superficial  gas 

velocity  In  kiln 
'  (ft/$ec. ) 


charge  Test  No. 


"  JI - ■ 

•  -  2.34 

— - 

- O - 

1 

01 

3.12 

0.40 

7.4 

2 

01 

4.67 

0.51 

9.4 

7 

01 

7.01 

0.69 

12.7 

4 

Eglln 

1.71 

0.89 

18.7 

11 

Eglln 

2.34 

1.40 

29.5 

3 

Eglln 

4.67 

1.08 

22.7 

5 

Eglln 

7.01 

1.45 

30.5 

6 

NC8C 

2.34 

0.14 

3.0 

8 

NCBC 

4.67 

0.57 

12.2 

9 

NCBC 

7.01 

0.94 

20.1 

10 

Entrained  ScSfci,  Percent  of  Total  After  Burn 


Figure  9.  Comparison  of  Entrainment  with  Superficial 
Gas  Velocity  in  Batch  Pilot  Kiln 
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Mb 


^re  presented  in  Annex  4.  All  screen  fractions  are  given  as  a  percentage 

of  the  Initial  sampie  weight*  Both  Tyler  and  ASTM  micron  sieve  sizes  are 
given. 

The  results  of  selected  screen  analyses  are  summarized  In  Figures  10, 

11,  ahd  12.  Each  figure  gives  the  particle  size  distribution  of  the  soil 
fractions  that  apply  to  the  test  conducted  on  each  soil  with  a  gas  super¬ 
ficial  velocity  of  7.1  feet  per  second.  This  superficial  velocity  was 
Selected  since  It  produced  the  maximum  entrainment  during  the  tests,  giving 
a  larger  sample  of  exhaust  dust  for  screen  analyses.  The  figures  plot  the 
screen  size  versus  the  weight  percent  of  the  total  sample  retained  on  that 
sieve.  The  total  of  the  kiln  product  and  exhaust  dust  equals  100  percent  of 
the  total  soil  recovered  after  the  test. 

Figure  10  gives  the  results  from  Test  4  with  JI  soil,  showing  a  shift  In 
the  particle  size  representing  attrition  during  the  test.  It  is  also 
apparent  that  the  smaller  particles  were  selectively  entrained. 

Figure  11  gives  the  results  from  Test  6  with  Eglln  soil.  The  screen 
analysis  of  the  sample  as  received  reveals  that  the  soil  has  a  fairly  uni¬ 
form  size  of  about  28  mesh.  No  separation  of  finer  particles  from  coarser 
particles  was  observed  in  the  exhaust  dust  and  kiln  product.  The  size 
distribution  after  batch  testing  closely  matched  that  of  the  sample  as 
received. 

Figure  12  gives  the  results  from  Test  10  with  NCBC  soil.  The  screen 
analyses  of  the  kiln  product  and  exhaust  dust  show  the  selective  entrainment 
of  the  smaller  particles,  starting  at  about  28  mesh.  The  combination  of  the 
kiln  product  and  exhaust  dust  closely  matches  the  screen  sizes  found  In  the 
sample  as  received.  Indicating  little  or  no  attrition  or  agglomeration.  The 
reduction  of  particles  In  the  0.75-1 nch  range  Is  attributed  to  the  burning 
of  sticks  that  were  observed  In  the  sample. 

d.  Temperature  Data 

During  batch  kiln  tests,  temperature  data  for  the  soil  and  exhaust  gas 

were  continuously  recorded;  these  data  are  given  in  Annex  4.  Final  ten- _ 

peratures  (at  steady-state)  are  listed  in  Table  14.  "since  all  the  tests 
were  conducted  to  achieve  the  same  final  temperatures,  the  only  differences 
between  tests  were  during  the  heat-up  period,  which  lasted  from  about  6  to 
30  minutes  depending  on  heat  Input,  charge  weight,  moisture  content,  and 
soil  type.  Figure  13  compares  temperature  profiles  for  the  three  soils  at 
the  same  heat  Input.  For  JI  soli,  a  plateau  at  about  850®C  was  obvious, 
corresponding  to  calcination.  The  heat-up  rates  for  JI  and  NCBC  soil  were 
Influenced  by  the  higher  Initial  moisture  content.  Also,  the  charge  weight 
for  JI  soil  was  greater  than  the  other  two. 

e.  Dynamic  Angle  of  Repose 

The  dynamic  angle  of  repose  for  the  three  soils  was  measured  using  a 
38-Inch  diameter  drum,  rotating  at  0.82  rpm.  This  property  Is  Important  In 
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Fiugre  10.  Particle  Size  Distribution  of  JI  Soil 
Before  and  After  Batch  Kiln  Test  4 
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Figure  II.  Particle  Size  Distribution  of  Elgin  Soil 
Before  and  After  Batch  Kiln  Test  6 


<\J  O 

09 

<0 

*  w 

o  eo 

to 

^WQtDtOVWO 

Hi  Hi 

cw 

CVI 

eg  n 

eg  — 

«M»  «*• 

|0U>1 

20  30  *0 

KILN  M£ATM0  TIME  (MINUTES) 


30 


CO 


Tlroe-Wmperature  History  for  Three  Batch 
Pilot  Kiln  Tests  Using  Approximately 
Equal  Heat  Inputs 


50 


assessing  the  soil  flow  characteristics  and  resulting  effect  of  kiln  Incli¬ 
nation  on  residence  time.  Tests  were  conducted  on  all  three  soils  as 
received  and  on  NCBC  and  Eglin  samples  after  firing  in  the  kiln.  Data  from 
these  tests  are  given  in  Annex  4  and  summarized  in  Table  18. 

During  this  testing,  JI  soil  was  observed  to  roll  over  in  a  continuous 
fashion,  with  the  larger  particles  generally  staying  on  the  outside  of  the 
sample,  covering  smaller  particles  underneath.  The  observed  angle  of  repose 
was  slightly  greater  than  that  for  Missouri  soil  (clay-loam)  studied  pre¬ 
viously,  but  close  enough  to  allow  data  measurements  of  flow  of  Missouri 
soil  through  the  MIS  kiln  to  be  applied  to  predictions  for  JI  soil.  A  kiln 
loading  of  approximately  6  percent  will  be  used  in  calculations  related  to 
heat  transfer. 

Eglin  soil  was  observed  to  have  a  relatively  low  angle  of  repose,  as 
would  be  expected  from  sand.  After  firing,  the  observed  angle  decreased 
significantly  and  the  sand  was  observed  to  flow  in  a  smooth  motion.  It  is 
expected  that  this  soil  will  flow  quickly  through  the  MIS.  The  All 1s- 
Chalmers  computerized  mass  flow  model  has  not  been  verified  with  soils  and, 
therefore,  it  Is  not  possible  to  accurately  predict  soil  flow  rates  through 
the  MIS.  An  assumption  of  a  kiln  loading  of  4  percent  will  be  used  in  heat 
transfer  analyses,  based  on  previous  MIS  trials  using  sand. 

NCBC  soil  was  observed  not  to  have  the  rolling  motion  characteristic  of 
the  other  two  soils.  Instead,  this  soil  stayed  in  a  mostly  stable  mass 
which  slid  down  the  side  of  the  test  apparatus  without  much  blending.  After 
firing,  the  soil  was  observed  to  exhibit  some  rolling  motion,  although  the 
sliding  was  still  apparent.  The  sliding  motion  Is  thought  to  result  from 
the  presence  of  a  large  number  of  shells  In  the  soil.  This  soil  will  have  a 
high  loading  In  the  MIS,  even  though  the  measured  angle  of  repose  is  low. 

No  previous  specific  HIS  test  data  or  validated  flow  models  are  available  to 
confirm  this.  The  loading  of  this  soil  will  be  taken  to  be  7  percent  for 
the  purpose  of  heat  transfer  calculations. 


TABLE  18.  SUMMARY  OF  DYNAMIC  ANGLE -OF -REPOSE  MEASUREMENTS 
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6.5 
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49 
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1.2 
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7 
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40 
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~0 
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35 

33 

insufficient  sample  remaining  to  have  desired  soil  charge. 
bAfter  firing  In  kiln. 
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SECTION  V 

HEAT  TRANSFER  EVALUATION 

A  special  computer  program  was  used  to  model  heat  transfer  in  the  HIS 
kiln  for  the  three  test  soils.  The  program  had  been  developed  and  was 
applied  to  this  study  by  Allls-Chalmers  personnel.  Previous  results  ITC 
obtained  from  a  similar  study  of  Missouri  soil  were  used  as  a  basis  to 
select  the  Input  conditions  for  computer  runs.  The  program  models  the 
overall  heat  transfer  In  a  kiln  by  dividing  the  kiln  Into  three  or  four 
regions  and  modeling  each  region  separately.  In  the  first  region,  the  wet 
solid  is  heated  from  ambient  temperature  to  the  boiling  point  of  water.  In 
the  second  region,  water  Is  evaporated  at  a  constant  solid  temperature.  In 
the  third  region,  the  dry  solid  achieves  Its  final  temperature.  If  calcina¬ 
tion  Is  known  to  occur,  a  fourth  region  Is  modeled  for  its  heat  duty  at 
constant  temperature.  This  region  Is  Important  for  studying  lime  kiln  per¬ 
formance. 

The  heat  transfer  constants  used  In  the  computer  calculations  were 
derived  from  a  proprietary  Allls-Chalmers  data  base  developed  from  studies 
using  other  feed  materials  typically  processed  In  rotary  kilns,  such  as 
limestone.  The  constants  are  adjusted  according  to  the  characteristics  and 
configuration  of  the  kiln  which  Is  to  be  modeled.  A  difficulty  In  accu¬ 
rately  modeling  the  heat  transfer  characteristics  of  the  MIS  kiln  Is  pre¬ 
sented  by  the  flights  within  the  kiln  toward  the  feed  end.  The  heat 
transfer  constants  used  In  this  study  were  the  same  as  those  used  for  the 
study  of  the  treatment  of  Missouri  soli  In  the  MIS.  The  program  does  not 
account  for  differences  In  the  heat  transfer  characteristics  (other  than 
heat  capacity)  of  various  soil  types  or  particle  sizes.  The  constants  are 
listed  with  the  sample  computer  printouts  in  Annex  10. 

The  runs  were  selected  to  demonstrate  the  differences  In  the  predicted 
soil  time-temperature  profiles  due  to  differences  In  overall  heat  duty  and 
soil  heat  capacities,  as  obtained  from  TGA  and  DSC  analyses  described  In 
Section  II. 

A.  OBJECTIVES 

Definition  of  heat  transfer  In  the  MIS  kiln  enables  prediction  of  the 
operating  limits  for  maximum  soil  processing  rates.  The  maximum  feed  rate 
varies  dramatically  with  the  composition  of  the  soil  being  treated. 
Differences  In  soli  that  affect  the  treatment  rate  Include  the  moisture  con¬ 
tent,  organic  content,  quantity  of  material  subject  to  thermochemlcal  tran¬ 
sitions  (e.g.,  calcination),  heat  capacity,  and  requirement  for  excess  air 
(to  meet  RCRA/DRE  requirements)  during  kiln  operation. 

Prediction  of  the  maximum  treatment  rate  Is  important  in  assessing  the 
cost  effectiveness  of  using  the  MIS  or  some  larger  rotary  kiln  Incinerator. 
The  projocted  maximum  processing  rate  wIM  also  be  useful  in  planning  and 
conducting  effective  field  demonstrations.  Operating  the  MIS  near  its  maxi¬ 
mum  capacity  will  provide  valuable  data  with  which  to  evaluate/design  larger 
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systems.  This  will  allow  accurate  cost  analyses  to  be  done  on  larger  units 
to  aid  In  comparison  with  other  treatment  alternatives. 

An  additional  objective  of  the  heat  transfer  work  was  to  help  define 
possible  Improvements  In  the  MIS(  Identify  important  data  collection  needs 
for  field  demonstrations,  and  reveal  major  design  changes  that  could  be 
Incorporated  In  a  larger-scale  unit. 

B.  PREVIOUS  HEAT  TRANSFER  STUDY  RESULTS 

The  heat  transfer  characteristics  of  the  MIS  In  treating  soil  from 
Missouri  were  studied  extensively  during  previous  work  for  the  EPA.  In  that 
study,  the  effects  of  soil  moisture  content,  heat  capacity,  and  kiln  excess 
air  on  the  time-temperature  profile  of  soil  in  the  kiln  were  investigated. 
Also,  a  series  of  heat  and  material  balances  was  performed  using  ITC's  com¬ 
puter  model.  The  results  of  that  work,  which  are  Important  to  understanding 
of  the  results  reported  herein,  will  be  documented  In  an  EPA  report  In  1985. 
A  synopsis  of  the  conclusions  and  observations  of  the  previous  work  Is  given 
here. 

Previous  work  demonstrated  that  the  kiln  would  not  normally  be  limited 
by  heat  transfer  within  the  range  of  operating  conditions  selected  for  the 
Missouri  trial  bum.  Overall  MIS  capacity  limitations  Include  the  rate  of 
the  solids  feed  system  and  the  requirement  for  a  2-second  residence  time  for 
ps  In  the  secondary  combustion  chamber  (SCC).  The  limit  on  the  SCC  results 
from  the  high  percentage  of  kiln  excess  air  used.  It  was  determined  that 
kiln  excess  air  needed  to  be  less  than  100  percent  and  preferably  less  than 
50  percent  before  the  kiln  could  be  operated  at  Its  heat  transfer  limit. 

The  primary  effect  of  soil  moisture  content  was  the  Increase  In  enthalpy  due 
to  vaporization,  which  reduces  the  heat  available  for  quickly  Increasing  the 
soil  temperature.  The  reduction  In  available  heat  caused  by  soil  moisture 
becomes  very  Important  above  10  percent.  Soil  moisture  content  had  a 
greater  effect  on  soil  discharge  teeperature  than  the  dry  soil  feed  rate 
within  the  range  studied.  This  limit  Is  a  result  of  the  total  fuel  that  can 
be  fired,  rather  than  of  heat  transfer.  The  heat  transfer  rate  will  affect 
capacity  only  when  these  other  limitations  are  removed.  Heat  transfer  Is 
limiting  when  the  feed  rate  Increases  to  the  point  where  the  soil  residence 
time  In  the  kiln  Is  low,  and  therefore  the  soil  dees  not  reach  the  time- 
temperature  condition  required  for  sufficient  decontamination. 

Several  recommendations  were  presented  to  EPA  based  on  this  previous 
work.  The  first  and  foremost  was  to  operate  the  incinerator  at  la*  excess 
air  concentrations.  Normal  operation  of  hazardous  waste  Incinerators  calls 
for  excess  air  concentrations  of  100  to  150  percent.  This  gives  a  “cushion" 
to  allow  the  system  to  handle  sudden  surges  in  the  waste  feed  heating  value, 
and  prevents  conditions  where  complete  combustion  is  not  obtained.  When 
treating  soil,  which  tiac  a  negligible  heating  value,  this  mode  of  operation 
Is  not  necessary,  eliminating  the  need  for  high  excess  air.  This  allows 
operation  at  lower  (25  to  50  percent)  excess  air,  reducing  entrainment  and 
enabling  higher  heat  input  and  corresponding  higher  soil  feed  rates  to 
achieve  a  given  time-temperature  condition. 


Physical  modifications  recommended  for  the  MIS  Included  the  addition  of 
dams  at  the  discharge  end  of  the  kiln  and  modifications  In  the  exit  air 
discharge  ducting  to  permit  greater  adjustment  in  kiln  slope.  These  modifi¬ 
cations  Mould  Increase  the  maximum  kiln  loading  and  therefore  enable  higher 
feed  rates  while  maintaining  the  required  soil  residence  times.  These  modi¬ 
fications  would  be  particularly  Important  in  treating  a  free-flowing  soil, 
such  as  sand. 

C.  HEAT  TRANSFER  COMPUTER  SIMULATION  RESULTS 

Computer  runs  were  selected  to  give  a  number  of  data  points  in  the 
region  of  maximum  kiln  capacity  for  each  of  the  three  soils.  The  conditions 
were  selected  based  on  knowledge  gained  through  the  previous  work  and  spe¬ 
cific  data  gathered  on  the  soils  during  the  batch  pilot  kiln  tests  and 
laboratory  treatlblllty  tests. 

Table  19  outlines  the  15  heat  transfer  runs  performed;  five  runs  were 
performed  for  each  soil.  Example  printouts  of  the  computer  runs  are  given 

in  Annex  10,  along  with  heat  and  material  balance  program  runs  performed 

at  the  same  conditions.  Three  of  the  runs  for  each  soil  were  performed  at 
conditions  of  12  percent  moisture  and  50  percent  excess  air,  with  varied 
feed  rates,  to  allow  definition  of  the  heat  transfer  limit.  Two  additional 
runs  were  performed  on  each  soil  at  25  and  100  percent  excess  air  to 
demonstrate  the  effect  of  excess  air  concentration  on  treatment.  A  constant 
fuel  feed  rate  to  the  kiln  equivalent  to  5.5  million  Btu/hour  was  used  for 
all  runs.  Higher  kiln  heat  duties  would  make  it  difficult  to  maintain  the 
mandatory  2-second  residence  time  In  the  SCC. 

The  results  of  the  15  heat  transfer  runs  are  summarized  in  Table  20. 
Comparison  of  the  runs  demonstrates  the  effects  of  soil  feed  rate  and  kiln 
excess  air  on  soil  discharge  temperatures.  The  results  of  the  heat  and 
material  balance  program  runs  are  also  summarized  In  Table  20.  This  program 
assumes  temperature  equilibrium  between  the  gas  and  solids.  This  tem¬ 
perature  represents  an  average  between  the  two  temperatures  given  by  the 
heat  transfer  program,  weighted  for  the  heat  capacity  of  the  total  gas  and 
solids  leaving  the  kiln.  Inspection  of  Table  20  reveals  that  the  heat  and 
material  balance  program  gives  a  somewhat  higher  tenperature  than  does  the 
Allls-Chalmers  heat  transfer  model.  The  magnitude  of  this  difference  Is  not 
considered  significant  since  the  lower  temperature  calculated  by  the  heat 
transfer  program  will  result  In  conservative  estimates  of  the  kiln  capacity. 

The  soil  temperature  predicted  by  the  heat  transfer  program  assumes  a 
uniform  bed  temperature.  In  an  operating  kiln,  temperature  gradients  will 
be  present  In  both  Individual  (large)  soil  particles  and  In  the  bilk  soil 
bed.  To  account  for  this,  an  allowance  of  approximately  50®C  (90 JF)  should 
be  made  In  the  soil  discharge  temperatures.  For  soils  that  may  have  a 
higher  temperature  gradient,  such  as  those  with  relatively  Urge  chunks  or 
those  that  do  not  mix  well  in  a  moving  bed,  the  allowance  may  need  to  be 
slightly  greater. 
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«at £  20.  predicted  temperatures  from  compute#  models 


Past  comparisons  of  the  heat  transfer  model  with  actual  MIS  operational 
data  have  Indicated  that  the  heat  transfer  coefficients  used  in  the  model 
may  be  slightly  high,  causing  the  model  to  predict  higher  soil  discharge 
temperatures  and  lower  exit  gas  temperatures  than  those  experienced  In  the 
f  4  kiln.  The  magnitude  of  this  effect  Is  undefined  and  will  require  evaluation 

of  additional  operating  data.  However,  preliminary  Indications  are  that  the 
effect  Is  less  than  55°C  (1QQ°F)  for  soil  discharge  temperature  when  the 
kiln  Is  operating  at  low  mass  flow  (~1000  pounds/hour),  low  firing  rate 
(~3.Q  mn  Btu/hour),  and  high  excess  air  (~1Q0  percent).  The  results  pre- 
1  sented  in  Table  20  should  only  be  enployed  for  approximate  estimates  of  kiln 

capacity. 

(‘ 

The  data  presented  In  Table  20  indicate  the  thermal  and  heat  transfer 
limitations  of  the  MIS  kiln  for  treating  the  three  soils  of  interest.  At  50 
percent  excess  air  and  12  percent  moisture,  all  three  soils  apparently  can 
be  treated  at  a  rate  of  4000  pounds  per  hour  dry  weight  as  determined  by 
soil  exit  temperatures  above  7Q0°C  (see  Section  VI).  The  Eglln  soil  may 
have  a  slightly  lower  maximum  rate,  due  primarily  to  the  free-flowing  nature 
of  the  soil  which  reduces  the  kiln  loading  and  associated  soil  residence 
1  time.  At  100  perceit  excess  air,  the  heat  transfer  limit  appears  to  be 

approximately  3400  pounds/hour  for  the  JI  and  NCBC  soils  and  somewhat  lower 
f  for  the  Eglin  soil. 

The  heat  and  material  balance  program  was  used  to  check  the  results  from 
the  heat  transfer  program  and  to  examine  limits  In  the  secondary- combustion 
i  chamber  (SCO).  The  heat  and  material  balance  evaluation  results  revealed  an 

1  ■  additional  system  limitation  at  100  percent  excess  air.  Table  21  gives  the 

secondary  burner  fuel  requirements  for  the  15  example  runs.  Examination  of 
f  Runs  4,  9,  and  14  in  Table  21  shows  that  the  burner  requirements  In  the  SCO 

exceed  the  burner  limitations  of  5.5  times  106  Btu/hour.  This  limit  relates 
to  both  the  actual  burner  feed  rate  limitations  and  the  limit  on  combustion 
r  gas  flow  rate  that  may  be  tolerated  In  the  SCO  to  meet  the  2-second  gas 

|  '  residence  time  requirement.  Analysis  of  the  runs  performed  at  3400 

pounds/hour  and  12  percent  moisture  yielded  maximum  excess  air  percentages 
of  61,  66,  and  74  percent  for  treating  Eglln,  JI,  and  NCBC,  respectively, 
i  However,  the  above  analysis  assumes  that  the  solids  discharge  and  exit  gas 

temperatures  In  the  kiln  are  equal.  In  the  operating  system,  the  gas  tem¬ 
perature  entering  the  secondary  is  significantly  higher  than  that  predicted 
by  the  heat  and  material  balance  program.  Therefore,  the  heat  load  on  the 
secondary  burners  would  be  expected  to  be  less  than  calculated*  allowing 
higher  soil  feed  rates  at  the  same  excess  air  and  moisture  Indicated  by  the 
values  in  Table  21.  In  summary,  operation  at  100  percent  excess  air,  3400 
pounds/hour  dry  solids  feed,  and  12  percent  moisture  represents  a  point 
close  to  the  operational  limit  of  both  the  kiln  and  SCO. 

The  effect  of  soil  moisture  content  was  not  included  as  part  of  this 
heat  transfer  study.  For  estimates  of  system  performance  at  higher  moisture 
contents,  the  total  water  feed  rate  as  given  In  Table  19  should  be  used  for 
comparison,  rather  than  the  dry  soil  feed  rate.  This  should  yield  reason¬ 
ably  accurate  results  for  soil  having  moisture  contents  up  to  20  percent. 
Reports  describing  previous  heat  transfer  studies  should  be  referenced. 
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TABLE  21.  SECONDARY  COMBUSTION  CHAMBER  BURNER  FUEL  REQUIREMENTS 
FOR  HEAT  TRANSFER  RUNS 


Kun 

txcess 

sol  i  dry 

SOL  burner  require¬ 

No. 

Identification 

air  (%) 

feed  rate  (Ib/hr) 

ment  (106  Btu/hr) 

1 

Eg!  In 

50 

34C0 

4.756 

2 

Eg!  In 

50 

4000 

5.562 

3 

Eglin 

50 

3000 

4.186 

4 

Eglin 

100 

3400 

7.651 

5 

Eglin 

25 

3400 

3.402 

6 

JI 

50 

3400 

4.630 

7 

JI 

5Q 

4000 

5.424 

8 

JI 

50 

3000 

4.063 

9 

JI 

100 

3400 

7.501 

10 

JI 

25 

3400 

3.262 

n 

NCBC 

50 

3400 

4.119 

12 

NCBC 

50 

4000 

4.842 

:i3 

NCBC 

50 

3000 

3.606 

14 

NCBC 

100 

3400 

6.988 

15 

NCBC 

25 

3400 

2.781 

SECTION  VI 


EVALUATION  OF  MIS  TREATMENT  CAPABILITIES 


In  order  to  translate  the  laboratory  treatability  data  and  the  calcu¬ 
lated  heat  transfer  rates  of  the  MIS  kiln  to  a  projected  overall  soil  treat¬ 
ment  capacity*  a  statistical  evaluation  was  performed  and  the  results  were 
combined  with  the  predicted  soil  temperature  profile  In  the  kiln.  Multiple 
linear  regression  analysis  was  performed  using  all  the  treatability  data, 
considering  a  variety  of  different  mathematical  models  relating  time,  tem¬ 
perature,  and  2,3,7,8-TCDD  concentration.  This  data  analysis  was  done  using 
the  computer  software  package  SAS  (Statistical  Analysis  System)  developed 
and  maintained  by  the  SAS  Institute,  Box  8000,  Cary,  North  Carolina.  Dr. 
Robert  McLean,  Professor  of  Statistics  at  the  University  of  Tennessee, 
Knoxville,  Tennessee  carried  out  the  statistical  evaluation  as  a  consultant 
to  ITC.  A  similar  statistical  evaluation  was  previously  performed  on 
treatability  studies  of  a  single  Missouri  soil  contaminated  with 

2.3.7.8- TCOD.  Therefore,  some  of  the  models  which  were  evaluated  had 
already  been  Identified  and  were  simply  confirmed  using  the  new  data.  In 
addition,  several  new  models  were  considered  which  utilized  the  Initial 

2.3.7.8- TCDD  concentration  as  a  variable,  since  each  of  the  three  soils  had 
different  Initial  concentrations. 

Statistical  evaluation  of  previous  laboratory  thermal  desorption  test 
data  had  shown  that  soil  moisture  content  and  purge  gas  type  and  flow  rate 
had  no  significant  effect  on  treatability,  except  the  Indirect  effect  of 
Initial  soil  moisture  on  the  temperature  profile  (heat-up  time)  during  a 
specified  treatment  period  Particle  size  was  shown  to  have  an  effect  only 
for  gross  differences  (e.g.,  5  cm  cubes  vs  2  mm  material),  and  this  was  con¬ 
sidered  to  be  primarily  due  to  heat  transfer  within  the  large  particles. 

The  data  base  used  for  the  statistical  analysis  is  presented  In  Appendix 
I.  For  each  test,  different  parameters  such  as  time,  temperature,  vapor 
pressure,  etc.  were  calculated  for  use  In  the  regression  analysis. 
Mathematical  models  were  developed  relating  the  concentration  of 

2,3,7,8-TCDD  after  treatment  with  one  or  more  of  the  parameters. 

The  effect  of  soil  type  on  treatability  was  determined  to  be  minor  If 
the  variation  In  starting  concentration  was  accounted  for.  There  was  no 
statistical  method  to  ascertain  the  effect  of  soil  type  because  only  one 
starting  concentration  for  each  soil  was  available. 

The  three  models  which  were  found  to  best  fit  the  16  laboratory  desorp¬ 
tion  test  results  from  this  study,  and  their  R-square  values  are  as  follows: 

LNPD  -  1.170  -  4.164  X  10“5  (IVP)  (1) 

R  -  square  ■  0.80 


(2) 


LNPD  -  -0.213  -  8.63  X  10'5  (IVP)  +  3.02  X  10"10  (IVP)2 
R-square  *  0.91 

ID  -  0.204  +  0.908  (LINC)  +  0.226  (TIME)  +  1.91  X  10“4  (TEMP)  (3) 
-5.97  X  10-6  (TEMP)2  -  5.24  X  10'4  (TITP) 

R-square  *  0.93 


where: 

LNPD  ■  log®  of  weight  fraction  of  Initial  2,3,7,8-TCDD  renal ning  after 
treatment, 

IVP  *  Integral  of  vapor  pressure  over  the;  treatment  period 
(mmHg.  minutes), 

ID  «  logio  of  final  concentration  (In  ppb)  of  2,3,7,8-TCDD, 

LINC  »  logjQ  of  Initial  concentration  (In  ppb)  of  2,3,7,8-TCDD, 

TIME  ■  time  at  constant  nominal  treatment  temperature  (minutes), 

TEMP  *  nominal  treatment  tenperature  (°C),  and 

TITP  ■  TIME  •  TEMP. 

The  Integral  of  vapor  pressure  Is  determined  calculating  the  vapor 
pressure  of  2,3,7,8-TCDD  for  the  average  temperature  during  each  1-mlnute 
Interval  (Including  during  the  heat  up  period)  and  summing  these  values, 
which  Is  essentially  equivalent  to  the  area  under  a  plot  of  vapor  pressure 
versus  time.  The  predicted  vapor  pressure  of  2,3,7,8-TCDD  Is  shown  In 
Figure  14  with  the  corresponding  Antlone  equation  (Reference  15). 

These  models  are,  to  some  extent,  a  function  of  the  characteristic  time- 
temperature  profile  for  the  experimental  apparatus  and  procedures  used  to 
generate  the  data.  This  must  be  considered  when  attempting  to  predict 
treatment  performance  In  the  MIS,  which  will  have  a  somewhat  different  time- 
temperature  profile  depending  on  a  number  of  factors,  such  as  Initial  soil 
moisture  content,  solids  feed  rate,  and  heat  Input. 

Figure  15  Is  a  plot  of  LNPN  versus  IVP,  showing  reasonably  linear  depen¬ 
dence.  By  uslnq  Equation  (2),  the  approximate  conditions  of  time  and  tem¬ 
perature  to  achieve  certain  treatment  efficiencies  can  be  calculated. 

Figure  16  shows  the  significance  of  temperature  on  reducing  the  con¬ 
centration  of  2,3,7,8-TCDD  from  100  ppb  and  500  ppb  to  1  ppb.  Assuming  a 
constant  solids  temperature  within  the  HIS  kiln,  the  required  residence  time 
for  the  100  ppb  contamination  level  varies  from  less  than  1  minute  at  800*C 
to  about  16  minutes  at  500°C.  Less  residence  time  would  be  required  for 
soils  with  lower  contamination  levels.  However,  the  solids  temperature  In 
the  kiln  varies  and  complicates  the  prediction  of  residence  time  require¬ 
ments. 

The  relationship  found  In  this  study  between  treatment  efficiency  and 
time-temperature,  as  represented  by  Equations  (1)  through  (3),  Is  comparable 
to  the  results  developed  previously  for  Missouri  soil. 
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Figure  16.  Predicted  Tine-Temperature  Required  to  Achieve 
lppb  2,3,7 ♦8-TCDD  For  Soils  Initially  Containing 
IQOppb  and  SOOppb 


By  employing  the  heat  transfer  program  discussed  In  Section  V,  the  soil 
time-temperature  profile  for  any  set  of  conditions  can  be  estimated. 

Figure  17  shows  the  calculated  soil  residence  time  for  each  linear  foot 
(Indicated  by  a  dot)  of  the  kiln,  considering  the  measured  soil  density, 
estimated  loading,  and  selected  soil  feed  rate  of  4000  pounds  per  hour  dry 
weight.  The  corresponding  vapor  pressure-versus-time  profile  shown  in 
Figure  18  was  developed  from  Figure  17,  assuming  that  the  soil  temperature 
increases  stepwise  at  1-foot  Intervals.  The  average  of  the  calculated  vapor 
pressures  at  the  front  and  rear  of  each  1-foot  Interval  was  used  to  develop 
the  values  for  each  point  on  the  curve.  The  area  under  this  time-vapor 
pressure  curve  was  approximated  by  summing  the  area  of  the  steps  In  the 
figure.  By  using  the  resulting  IVP  value  of  141,000  nmHg»min  in  Equation 
(1),  and  assuming  a  soil  feed  containing  500  ppb,  the  estimated  final 
2,3,7,8-TCOO  concentration  was  calculated  to  be  0.4  ppb.  This  value  is  near 
the  lower  limit  of  the  treatability  data  used  to  generate  Equation  (1). 
Predicting  values  below  0.1  ppb  would  not  be  justified  without  further  data 
taken  at  low  dioxin  concentrations  (<0.1  ppb). 

This  same  procedure  was  used  to  calculate  the  final  2,3,7,8-TCDD  con¬ 
centration  for  each  of  the  heat  transfer  cases  described  in  Section  V. 

Table  22  reveals  that  the  model  predicts  that  2,3,7,8-TCDD  concentrations  of 
less  than  1  ppb  will  be  met  for  all  but  two  cases.  Both  of  these  cases 
assumed  high  excess  air  concentrations  (100  percent).  However,  upon  exami¬ 
nation  of  the  computer  sheets  for  Run  9,  It  was  discovered  that  the  heat 
value  was  Input  as  a  negative  number,  reducing  the  discharge  temperature  by 
about  50®C  (90°F).  If  this  had  been  Input  correctly,  the  predicted  con¬ 
centration  would  fall  below  1  ppb.  Run  2,  which  had  a  high  soil  feed  rate 
(4000  pounds/hour),  and  low  kiln  residence  time,  was  the  only  other  run  that 
gave  a  final  concentration  above  0.1  ppb. 

The  predictive  model  Is  strongly  a  function  of  temperature.  Using  Run  2 
as  an  example,  predicted  temperatures  were  reduced  by  55°C  (100°F)  and  the 
final  2,3,7,8-TCDD  concentration  recalculated.  This  method  yielded  a 
revised  concentration  of  7  ppb.  The  other  runs  were  evaluated  using  the 
same  reduced  temperature.  This  did  not  significantly  affect  the  results, 
for  Run  14,  which  yielded  a  predicted  dioxin  concentration  of  2  ppb. 

The  predictive  model  Is  also  affected  by  the  assumptions  made  on  kiln 
loading  given  In  Section  IV  and  summarized  In  Table  19.  As  an  example,  the 
predicted  2,3,7,8-TCOO  concentrations  were  recalculated  for  Run  4  assuming  a 
kiln  loading  of  7  percent  as  opposed  to  4  percent  as  used  for  Table  22.  The 
resulting  dioxin  concentration  for  this  case  was  5  ppb,  which  represents 
close  to  the  maximum  effect  possible  for  variations  In  kiln  loadings. 

To  select  a  set  of  HIS  operating  conditions  (time-temperature  com¬ 
binations)  that  will  meet  the  required  treatment  efficiency  (1  ppb),  all 
parameters  affecting  heat  transfer,  heat  duty,  soil  residence  time,  and 
starting  2,3,7,8-TCOD  concentration  must  be  specified,  and  the  other  limita¬ 
tions  of  the  NIS  discussed  In  Section  V  must  be  considered.  Excessive 
moisture  and  soil  feed  rate  will  pose  diff laity  In  achieving  decon¬ 
tamination  criteria  if  highly  contaminated  soil  Is  processed. 
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Figure  17.  Temperature  Vs.  Time  for  Heat 
Transfer  Run  Number  2 


TABLE  22.  PREDICTED  TREATMENT  EFFICIENCY  FOR  HEAT  TRANSFER  RUNS 


No. 

“‘““‘“SoTT” 

Identification 

Excess 

air  (%) 

'~‘~So~iTdry 

feed  rate  (lb/hr) 

1 

Eglln 

50 

3400 

<0.1 

2 

Eglln 

50 

4000 

0.4 

3 

Eglln 

50 

3000 

<0.1 

4 

Eglln 

100 

3400 

20 

5 

Eglln 

25 

3400 

<0.1 

6 

JI 

50 

3400 

<0.1 

7 

01 

50 

4000 

<0.1 

8 

JI 

50 

3000 

<0.1 

9 

JI 

100 

3400 

15b 

10 

JI 

25 

3400 

<0.1 

11 

NCBC 

50 

3400 

<0.1 

12 

NCBC 

50 

4000 

<0.1 

13 

NCBC 

50 

3000 

<0.1 

14 

NCBC 

100 

3400 

<0.1 

15 

NCBC 

25 

3400 

<3.1 

^Assumes  Initial  concentration  of  SIX)  ppb  2,3»7,8*TCD0  and  12%  mlsture. 


bOata  for  soil  heating  value  was  Input  as  negative  (Lie  to  calcination 
endothcra;  actual  concentration  1$  expected  to  be  somewhat  lowsr  (<1  ppb). 
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SECTION  VII 


CONCLUSIONS 


The  following  conclusions,  based  on  the  results  of  the  project,  are  sup¬ 
ported  by  previous  results  of  related  studies. 

1.  Thermal  treatment  studies  of  Herbicide  Orange-contaminated  soils  from 
Johnston  Island,  Eglln  Air  Force  Base,  and  the  Naval  Construction 
Battalion  Center  at  conditions  representative  of  the  MIS  capabilities 
were  successful  In  achieving  less  than  1  ppb  residual  concentrations  of 
2,3,7,8-TCDD  and  related  Isomers  In  the  treated  soils.  Concentrations 
of  2, 3-DBF.  and  2,4,5-TBE  were  reduced  to  less  than  50  ppb  under  the  same 
condition,  equivalent  to  greater  than  99.99  percent  removal  efficiency 
from  the  soils.  This  removal  efficiency  Is  not  the  same  as  the  DRE 
determined  by  stack  gas  sampling  on  Incinerators. 

2.  Treatment  is  greatly  Influenced  by  temperature  and  residence  time. 
Statistical  evaluation  of  the  treatability  data  from  all  three  test 
soils  showed  the  2,3,7,8-TCDD  concentration  after  treatment  to  be 
directly  proportional  to  the  starting  concentration  and  logarithmically 
proportional  to  the  time  and  temperature. 

3*  The  soil  type  had  a  minor  Influence  on  treatability.  Eglln  soil  gave 
the  highest  removal  efficiencies  and  Johnston  Island  soil  gave  the 
lowest.  The  differences  In  treatability  appeared  greater  at  lower 
temperatures. 

4.  The  treatability  of  the  three  soils  studied  was  comparable  to  that  of  a 
Missouri  soil  sample  studied  previously  In  the  first  trial /demonstration 
bum  of  the  EPA  MIS.  The  Influence  of  treatment  time  and  temperature  on 
removal  efficiency  was  very  similar. 

5.  Chemical  and  physical  changes  occurred  in  each  of  the  three  soils 
studied,  depending  on  their  composition.  None  of  these  changes  were 
determined  to  nose  a  serious  operational  difficulty,  such  as  slagging. 
However,  the  Jl  soil  showed  substantial  weight  loss,  presumably  accom¬ 
panied  by  the  generation  of  carbon  dioxide,  and  consumption  of  heat  as  a 
result  of  calcination. 

6.  Entrainment  of  soil  particles  was  determined  to  represent  a  potential 
operating  difficulty  If  high  soil  feed  rates  and  high  excess  air  are 
used.  The  amount  of  entrainment  Is  dependent  on  soil  type  and 
corresponding  particle  size  distribution. 

7.  Based  on  computer  simulation,  heat  transfer  rates  in  the  kiln  should  not 
limit  the  HIS  capacity  to  treat  contaminated  soil  for  any  of  the  three 
soils  If  moisture  content  Is  below  about  20  percent.  Other  physical 
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attributes  of  the  MIS,  including  SCO  burner  feed  rates,  soil  feed 
system,  kiln  loading,  and  operating  protocol,  such  as  using  high  excess 
air,  represent  kiln  capacity  limitations.  Soil  processing  rates  of  3500 
to  4000  pounds  per  hour  should  be  realized,  even  with  highly  con¬ 
taminated  soil  at  these  sites. 


SECTION  VIII 
RECOMMENDATIONS 


To  validate  the  heat  transfer  and  heat  and  material  balance  computer 
simulations  used  in  this  study*  a  thorough  review  and  interpretation  of  all 
available  operating  data  from  the  recent  MIS  trial /demonstrati on  burns 
should  be  performed.  In  addition,  appropriate  additions  in  data 
collection/instrumentation,  particularly  accurate  measurement  of  solids  tem¬ 
perature  In  the  kiln*  would  provide  a  sounder  data  base  for  this  validation. 
This  would  enable  better  predictions  of  operating  capabilities  when  con¬ 
sidering  the  variety  of  applications  and  operating  conditions  which  could  be 
involved  in  soil  decontamination  efforts. 

Additional  studies  should  be  carried  out  to  better  define  particulate 
entrainment  from  soils  processed  by  the  MIS  (or  other  kiln  systems). 
Preliminary  review  of  pertinent  theory  and  available  data  provides  justifi¬ 
cation  and  a  basis  for  coup  rehens 1 ve  evaluation  of  this  important  process 
aspect. 
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BATTELLE  METHODS  EMPLOYED  IN  THE 
PHYSICAL-CHEMICAL  ANALYSES  OF  JI, 
EGLIN,  AND  NCBC  SOILS 


1A  STANDARD  OPERATING  PROCEDURE  FOR  DETERMINATION  OF  SOIL  ORGANIC 
MATTER 

IB  STANDARD  OPERATING  PROCEDURE  FOR  DETERMINATION  OF  SOIL  PH 

1C  STANDARD  OPERATING  PROCEDURE  FOR  DETERMINATION  OF  ELECTRICAL 

CONDUCTIVITY  IN  SOILS 

ID  STANDARD  OPERATING  PROCEDURE  FOR  DETERMINATION  OF  SOIL  SURFACE  AREA 

IE  STANDARD  OPERATING  PROCEDURE  FOR  PARTICLE  SIZE  ANALYSIS  OF  SOILS 

IF  STANDARD  OPERATING  PROCEDURE  FOR  DETERMINATION  OF  SOIL  CATION 

EXCHANGE  CAPABILITY 

1G  METHOD  FOR  DETERMINATION  OF  TOTAL  SOLVENT -EXTRACTABLE  CONTENT  OF 
SOILS  AND  SEDIMENTS 
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Annex  1A 


Sr  3-08-1 
July  17,  1384 


STANDARD  OPERATING  PROCEDURE  FOR 
OSTEWINATION  OF  SOIL  ORGANIC  NATTER 


1.0  .leapt 


This  eachod  mcia  the  organic  natter  contant  of  soils  bum  on  in* 
oxidation  of  organic  carton  by  poeissiua  dlchroact.  A  colorieetrlc  datarain- 
<Clon  of  CN*  Cr3*  Ion  produced  Is  used  to  deternrina  ifc*  organic  natter 
prtsont  based  on  eb*  caeparlsons  with  standard  sells  of  known  organic  sector. 
8y  adjusting  the  ratios  of  reagents  and  soil,  the  organic  natter  content  of  a 
wide  variety  of  soils  can  be  bat* mined  by  this  nethod  (Schulte,  1360;  Watson, 
1978). 

2.0  Suawarv  of  Method 


Soils  of  known  organic  nettar  content  and  test  soils  are  treated 
with  potasslue  dlchroaete  and  sulfuric  acid  to  oxidise  organic  carton.  Aftar 
treatment  with  barlua  chloride,  all  solutions  are  allowed  to  stand  overnight. 
The  absorbance  for  each  solution  Is  read  at  611  me  on  a  spectroohotoaeter  and 
organic  setter  Is  date  mined  froa  the  standard  curve. 

3.0  Interferences 

Chlorides  In  soils  an  reduce  CrjOy3*,  leading  to  Cr3*  and 
thus  unrealistically  high  results.  Ferrous  Iran  an  also  lead  to  unreal  Is- 
tlcally  high  results.  During  air  drying  of  soils,  however,  Fa3*  Is  oxldlseo 
to  Fe3*,  elnlarislng  the  lntarf arena  eaused  by  Fe3*.  Oxides  of  Nn  an 
oxidise  soil  organic  asttar,  giving  unreallstlally  low  rtsults.  These 
Interferences  are  not  usually  serious  (Schulte.  1980). 

4.0  Apparatus 


4.1  Coloriweter.  A  high  duality  soactroonotoaater  caoable  of 
•assuring  absorbance  at  611  na,  for  detecting  the  presence  of  Cr3*. 
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4.2 _ Flasks.  125  al  irlemntyer  flasks  add  washed,  far  nixing  soil 
and  reagents. 

<.3  Balance.  A  top-loading  bo  lane*  for  weighing  soil  to  til* 
nearest  O.Olg. 

4.a  Stir  Bods.  Glass  stirring  rod,  for  aixing  til*  soli  and 

r**g*nts. 


4.5  Pipettes.  Glass  voluatterlc  pi pittas  of  10.0  and  20.0  al 

capacity. 


4,8  <rsduat*d  cyllndor.  100  al  capacity  graduated  cylinder,  for 
addtng  laClj  solution  to  soils. 

5.0  Reagents 


8.1  at  potasslua  dldi roast*.  01 seal ve  9t.07g  KjCrjQy  par 
1.0  1  Nrataad  water. 

5.2  Conctntmtd  sulfurle  acid  186K  H?S0x) 

■M_0,8t  (w/y)  parlua  eft  lurid*.  Olssolv*  5  g  5*C1j  In  1.0  1 
lamstaad  water. 

5.4  Premie  a*tt*r_  standard.  A  sol  1  of  known  organic  aattar 
content,  fro*  which  various  weights  art  taken  to  prtpsr*  the  standard  curve. 

5j01-^jJJ[ldraSl2!L 

Calibration  for  this  procedure,  aside  froa  routine  callbrstlon  of 
balances,  Involves  careful  preparation  of  the  standard  curve.  Using  tire 
standard  soil,  weigh  out  0,  O.S,  1.0,  1.5,  2.0,  and  2.5  g  portions  Into 
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125  al  orlamneyer  flasks  add  wasftea,  for  mixing  soil 


A  too-leading  balanca  for  signing  soil  to  We 


4.4  stir  Rods.  Glass  stirring  rod,  for  sixing  We  soil  and 


reagents. 

4.5  PioettH.  Glass  voluaataric  pipettes  of  10.0  and  20.0  al 

capacity. 


4.5  Graduated  cylinder.  10Q  al  capacity  graduated  cylinder,  for 
adding  3aCl2  sotution  to  soils. 

5.0  Reeoewts 

5.1  .23  ootastluw  dicfimata.  Oissolve  98.07g  kjCrjOy  per 
1.0  1  Sarnstoad  water. 

5.2  Concentrated  sulfuric  acid  >961  H?S0a) 

8.3  0.3X  fw/vl  bariua  cnloride.  Dissolve  5  g  3aClj  in  1.0  1 

Bamsreed  water. 

5.4  Organic  matter  standard.  A  soil  of  known  organic  Bitter 
content,  froa  whicfl  various  weignts  are  taken  to  prepare  We  standard  curve. 

8.0  Calibration 


Calibration  for  tnls  procedure,  iside  from  routine  calibration  of 
balances,  involves  careful  preparation  of  We  standard  curve.  Using  we 
standard  soil,  weign  out  0,  0.5,  1.0,  1.5,  2.0,  and  2.3  g  portions  into 
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separata  125  ml  Erlenaaytr  flasxs  tnat  have  bean  acid  warned.  Handle  the 
stance rds  exactly  at  described  below  in  Section  7.0,  Procedures. 

7.0  Procedures 

Weigh  l.Og  of  air-cry,  2  sn  aun  sieved  soil  Into  a  125  ni 
srlenmeyer  flask.  Depending  on  the  organic  Batter  content,  the  taount  of  soil 
aey  have  to  be  reduced.  For  soils  expected  to  contain  greater  than  IQS 
organic  setter,  but  wnlch  are  not  truly  organic  soils,  use  a  0.5  g  seople. 

For  an  organic  soil,  use  a  0.1  g  portion.  To  each  flask  (standards  and  sta¬ 
ples),  add  10  nl  of  2N  4ft6  swirl  to  *1x.  Then  add  20  al  concen¬ 

trated  HgSOa  and  swirl  to  «1x  well.  Leave  eaen  flask  undisturbed  for  60 
at  nates.  Next,  In  the  seat  sequence  as  the  acid  was  added,  add  to  eacn  flask 
100  al  of  0,52  BaClj  solution.  Leave  the  flaaka  undisturbed  ovemi^it.  Set 
the  spectropnotoaeter  to  611  na,  the  silt  width  to  ?.Q  me,  the  lamp  switches 
to  visible,  and  the  node  to  absorbanca.  Turn  on  the  spectrophotoaeter,  allow 
sufficient  tine  for  wer»-up  (tpproxlaetaly  2  hours),  and  datanrlne  the  absoro- 
f  anca  of  each  solution  at  611  na,  Including  all  standards,  blanks,  and  lupin. 

8.0  Calculations 

t 

Floe  the  standard  carve  on  graph  paper  or  We  linear  regression  as 
percent  organic  aattar  versus  absorbanee  at  6 11  na.  From  the  aosoroence  of 
the  stssles,  the  corresponding  percent  organic  sitter  can  be  deterained  fro* 
the  standard  curve. 

9,0  References 

Scnulta,  E.E..  1980.  Racooaindad  soil  organic  setter  test,  pp  28-31.  tn: 
Racoaaandtd  Chealcal  Soil  Test  Procedures  far  the  North  Central  Region,  North 
Central  Regional  Publication  ho.  221  (Ravi sad).  North  Dakota  Central  Agricul¬ 
tural  Sxoarlaent  Station,  North  Dakota  State  University,  Fargo,  North  Dakota. 

Watson,  N,i.  1978.  Soil  tasting  procedures,  Rasearen  Extension  Analytical 
Laooratary.  Ohio  Agricultural  Reaeartn  and  Oevelopstnt  Center,  Woostar,  Ohio 

20  pp. 
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STAUCMO  OPKUTIJtt  M0C3JUHS  ?08 
CnSWMATIOM  OF  SOIL  pit 


1.0  Scrae 


Sell  pM  1*  *  atuurt  of  the  hydrogen  Ion  eoncantrstlon  in  the  toll 
solution.  This  oathed  detanal  n*s  toll  solution  pH  unen  soils  art  alaed  In  a 
1:1  *it la  (ue1gnt:velu*s)  ulth  ust »r.  It  hoi  toon  "sen—  notd  u  «  standard 
flethod  for  th«  detarslnatlon  of  soil  pH  6y  tho  North  Control  Region  Soil 
Totting  Court  ttae.  rtlct  includes  represtntatl *ts  frcu  Alaska,  Illinois. 
Indisnt.  loua,  tints,  Michigan,  Kinneecca.  Missouri,  Meertska,  north  Ookato, 
Ohio,  Pennsylvania,  South  9«kats,  tad  Wisconsin  (McLean,  1980), 

2.0  Suennrv  af  Mothed 

A  soil  solution  Is  ends  by  wiring  equal  ports  of  soil  and  distilled 
uttsr.  The  hydrogen  Ion  concentration  is  detarrtned  by  using  t  gloss 
indicating  electrode  paired  with  o  ssloflol  reference  electrode,  The  coool no¬ 
tion  electrode  Is  etsoened  to  t  pH  Aster  sod  the  unit  Is  cslihrtted  «*lta 
itoncsMisod  suffer  solutions  prior  to  use.  pH  of  the  soil  solution  is 
aeesured  to  the  neorest  0.1  pH  unit. 

3,0  tnterferyntts 

Soil  pN  aaosureasnts  con  he  1 nf 1 wanted  Sy  o  nufloor  of  factor*, 
depending  upon  soil  type  ond  inert  vi  cue  l  characteristics.  The  use  of  a 
standard  protocol  that  has  Dean  used  on  a*ny  different  soil  types,  such  as  the 
standard  aetftod  descriaed  here,  xinialsts  intolerances. 

a. 3  Apparatus 


<.l  pH  meter.  A  high  quality  pH  aucer,  suet  as  a  digital  display 
ion  ana iy tar/pH  wear. 


*.2  Slsctroaes.  A  camoinition  glass  locating  ana  calcne! 
reference  electrode  for*  sensing  hydrogen  Ion  activity. 

£^3_^3aJanc^.  A  top -load ng  digital  display  silanes  accurst  a  to 
0.31  g  for  weighing  soil. 

M..  3sncef.  A  beaker  of  iporoaluatsly  30  al  capacity. 

4.9  Stirring  apparatus.  A  segnetle  stir  plats  with  stir  air  for 
chs  constant  arising  of  sail  and  watar  wille  dattrartnlng  pH. 

*«5  Pipette.  A  pipette  of  10.0  ®l  capacity. 

5.0  Raeoents 

. JHjSHlSg  op  ft*1**1****1*  "Star.  Seoul  rtd  to  forts  a  soil  /water 

slurry. 


5.2,  Standard  Buffers.  Coamrclally  standardised  Suffer  of  pH  4.0 
and  7.0,  for  standardising  the  pH  alter  and  electrode. 

5.0  ClHbrstlon 

Mar  to  determining  soil  pH,  trie  pH  aster  suit  oe  stanaardUsd. 
Using  tft*  pH  7.0  standard  Suffer  in  a  snail  besser,  sdjust  the  digital  display 
to  reed  7.0  by  turning  u*#  calibration  knob  and  while  constantly  stirring  the 
tMttfcer,  Return  tne  function  knob  to  standby,  rteove  the  electrode  fro*  the  pH 
7.0  duffer,  wash  the  electrode  with  distilled  water,  and  iu&nerga  the  elec¬ 
trode  In  constantly  swirled  pH  s.O  standard  duff  or.  If  the  mt or  does  not 
reed  pH  a.o,  use  the  temperature  caapensator  anoo  to  achieve  a  reading  of  pH 
a.0,  wean  the  electrode  as  before,  and  standardise  sgain  with  pH  7.0  Puffer. 
Repeat  the  standardisation  procedure  until  the  two  readings  art  consistent. 


*.0  sroctdur« 


SF  0*08-1 
Duly  17,  1984 


Valgn  10.0  g  of  air-dry  siavad  soil  (passing  a  2.00  me  scrttn )  Into 
a  sail!  baakar.  Add  10.0  al  of  distil  ltd  watar,  erix  thoroughly  with  j  glass 
rod,  »nd  al low  tha  slurry  to  stand  undl sturbtd  for  10  arinutas.  Stir  tha  soil 
suspension  (gain  and  Isanadlately  subaargt  :.*it  pH  tltctrodt  wnll*  continuing  to 
swirl  the  beaker.  Tum  the  function  knoo  fro*  standby  to  pH  ano  read  the  pH 
to  the  natni:  0.1  pH  unit.  Saturn  the  switch  to  standby,  rtaov*  tna 
tUcrooa,  and  rinst  It  thoroughly  with  distil  lad  water. 

3.0  Calculations 

Ho  calculations  art  reouirtd. 


9.0  S»ftranets 


Nepean,  E.Q.  1980.  SacoaMnoad  pH  and  1l«a  rpqui  ne**«t  tatts,  oe.  5-8.  In: 
a«conaanoad  Cheartcal  Soil  Test  Froctdure*  for  tha  Horen  Cantral  Sagion,  North 
Control  Saglonal  NvbHektion  No.  221  (Sawlsadj.  North  Dakota  Agricultural 
Ewtnamt  Station.  North  Dakota  Suta  Uni  varsity,  Fargo,  North  Dakota. 


Aporotad  by: 


-Mu.  za£ 

Seeion  ato  S*H>  Aapraaant 


2l^/n 

it* 


'£.  la  mar 


^=SdSi^hAaL-  z/“y,/ 
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STAMU80  OPEUTING  W0C23U3S  FOR 
KTSWCMTIOK  OF  £LsS7RICAl  SSMHlCTmTY  »  S3IU 


!J}_ScatJt 

This  aocftoo  is  tajpwd  ts  teitrsim  *i««ricil  conoid  ty  in 
i  *o11-«M«r  sluny,  in  <n«isst1es  >sf  ss*  selufil*  ul«  cantant  of  tn#  sail. 
The  astnot  tttcriaasi  Sels*  1*  ispficael#  to  oast  sails*  deluding  *ftw«  In  sat 
aorta  Central  teuton  (Atoska,  ft  Heats*  laws.  Stasis,  Nisaisin, 

Mfmwtefoj,  Missouri,  ^resits.  Sons  Poles*,  Ohio,  Ptna^lvtsls,  jgutft  Oitou, 
&j?s  isi stoats, }  Proa^r**  its  *sis@£««  fra*  cat  tail  eating  aroetcuma  usto 
ss  es«  SesMBrts  Aaslyttal  U&erata??  St  tnt  Ohio  Agrisulturtl 

RtMtra  tM  Center  {Vtacfl,  1378)* 

t.3,  Sattory  of  Mtsaat 

A  tatl**»«ttr  slowy  (li2  lollsaour  ntto)  U  prtt*«r»t,  illanot  to 
opiltthrttt,  fiHtf**.  utt  ptpoeus  lets  •  a  liana*  ean*»esi*icy  all 
sanMCUt  to  t  tontuctt'Hty  *tt*r.  The  «*ur  iHsoliy  is  in  copaucaaa  «aq  is 
SftlttpHti  ay  til*  all  CPWUUtt  to  ylw*  caaiClrlty  in  «*<?«-  or 
tJlltteos/c*. 

tJ  .  twtirftrtntfi 

kauri-*  C3»«j crises  ratings  rtauirt  «  *tfy  clem  cawucsivity 
«U.  This  cut  at  iscaaMsntd  btatte  ratings  to*  tawougn  timing  -its 
<rt  sell  ltd  er  Umtttd  vtttr.  Nih totally,  tat  all  mould  at  «t*n*d  *tca  « 
solution  csnttininf  130  *1  fsoprteyl  tlcohn!,  130  ai  ttnyt  ttfttr,  SO  al 
canctfttrtut  MCI,  at  SO  *1  d set  1  lot  wtete.  Far  itortgt  acwotn  am,  tat 
cantudvity  all  moult  a  soum  in  itmsctit  «sur. 

i.O  Aootrttm 


*.l  Cantoetma  *«tr.  A  nfgsi  salfty  digital  ttsaliy  ccnoctmct 
■tar.  t.g.,  «  TSI  *oa1  12. 


SF  0»08«i 
July  17,  1984 


4.2  Conductivity  call.  A  conductivity  c«1 1  coapatlole  with  tne 
conductivity  .eettr  and  having  a  known  call  constant,  sucn  as  a  YSI  3401 
platinized  platinum  -  Irtdiun  altctrcda  with  a  call  constant  of  K»  i.O/ca. 

4.3  Salanct.  A  too-loading  digital  display  balance  accurat#  to 
0.31  g.  for  signing  soil. 

4.4  3aaker.  A  150  al  peaktr  for  preparing  the  sell-wetar  slurry. 

4.5  Funnel  and  Filter  Facer.  A  glass  or  plastic  funnel  and  filter 
paper  for  filtering  tfta  sali-vatar  solution. 

M  Pleetta.  Pipette  or  small  graduated  cylinder,  for  adding  40  al 
water  to  20g  soil. 

4,7  Stir  rods.  Glass  Stir  rod,  for.  arising  the  sell raater  slurry. 

5.3  Aaaoants 

S.l  01  still  ad  or  3arnste«d  water.  Required  to  fora  a  soil-weter 

slurry. 

5.3  Calibration 

The  YSI  340J  csftduetlvfty  call  has  i  call  constant  of  1.3/09,  If  the 
ctli  Is  placed  In  a  solution  In  an  upright  atwi*r,  no  correction  of  the  call 
constant  is  required.  If,  however,  the  cell  is  inverted  and  the  testing 
solution  is  pipetted  into  the  cell,  a  correction  factor  needs  to  he 
calculated.  To  oetaredh*  the  corrected  cell  constant,  fosarso  the  call  in 
roo*  teeoereture  tap  water,  record  the  conductance,  and  aultiply  5y  the  cell 
constant  Jl.Q/c*).  Peaeve  the  cell  frse  tne  tap  water,  rlnaa  with  distilled 
water,  inwt  the  cell,  and  teal  tne  vent  nole  in  the  tel!  ay  wrapping  it  in 
Sirtflla.  Fill  tne  cell  with  the  same  tap  water  used  previously.  r*cord  the 
conductance,  and  ajltiply  6y  1.0/ce  to  gat  conduct*,  vicy.  Subtract  the  two 
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conductivity  determinations,  ana  dlvlat  the  answer  oy  the  secsno  conductivity 
determination.  This  final  answer  Is  the  percent  variation  of  the  call 
constant  and  when  added  to  l.Q/ca  is  one  corrected  cell  constant.  All  suose- 
puent  conductance  measurements  art  to  be  aultl piled  oy  the  corrected  call 
constant  to  dedemlne  the  conductivity. 

7.0  Procedure 


Welgn  20.0  grams  of  air-dry,  2ma  aesn  sieved  sail  Into  a  ISO  ml 
beaker.  Add  *0.0  ml  distilled  or  Samstead  water,  stir  thoroughly  with  a 
glass  rod,  and  allow  the  contents  to  stand  undisturbed  for  30  rrfnutes. 

7  r  spa  re  a  funnel  and  filter  paper  {e.g.,  Whatman  1),  Pour  the  supernatant 
through  the  filter  funnel,  being  careful  not  to  disturb  tne  settled  sail  In 
the  bet  toe  of  the  beaker.  After  the  filter  hat  drained,  fill  a  calibrated 
conductivity  cell  with  the  filtrate  (or  lumen*  the  upright  call  In  the 
filtrate  If  the  volume  of  filtrate  Is  great  enough  to  submerge  the  cell),  turn 
the  knob  on  the  conductivity  meter  to  the  conductance  mode,  adjust  the  range 
switch  until  a  digital  display  Is  obtained,  and  record  tha  conductance. 

3.0  Celgiitlons 


Haiti  ply  the  conductance  by  the  aoprcpntt*  cell  constant  to  ootaln 
conductivity  In  ell  11-  or  artcromhos. 


9.0  References 


Watson,  N.E,  1978,  Soil  Testing  Procedures,  Restart*  Extension  Analytical 
laboratory.  Ohio  Agricultural  aetearch  and  Oevetopment  Center,  Wooster,  Ohio 

20  pp. 
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STANDARD  OPERATING  PROCEDURE  #8R 
DETERMINATION  OF  SOIL  SURFACE  AREA 


1.0  Scant 

This  etched  detaroines  tho  spoclf  1c  surface  arts  of  sells  basad  on 
Cflt  adsorption  by  soil  parti  cits  of  a  aono  layer  of  ethylene  glycol  jengttnyi 
ether  (ESME).  Adsorption  is  based  on  an  equilibration  of  SGHE  and  sol  I 
particles  followed  by  vacuuai  desiccation  of  unsorped  E5HE.  Previous  studies 
In  the  soil  science  caaeuilty  have  snown  that  the  aet.no d  is  applicable  to 
widely  different  soil  types  (Carter  et.  al.,  1965;  htl loan,  et.  ah,  1965; 
Clhacek  and  3r«eter,  1979). 

2.0  Suawerv  of  Method 

Air-dried  slowed  soil  is  Mixed  with  reagent  grate  EWE  and 
equllf&rstad  for  1  hour.  The  saeole  Is  then  vecuuw  desiccated  to  constant 
welgnt  over  desiccant.  Surface  arte  <s  calculated  by  dividing  the  grin  of 
adsortKte  retained  per  grw  of  soil  ay  0.000236  g/*2,  which  Is  the  welgnt  of 
IBNI  required  to  fan  a  aono layer  over  1*2  surface  area. 

3.0  Interferences 

There  are  no  inferences  described  In  the  literature  using  this 

procedure. 

M  Appemus 


6,1  la  lance.  An  electronic  (digital  read  out)  balance  acoariee  tb 
0,01  g  for  weighing  soft  saaetas  prior  to  tho  addition  of  SOME,  and  a  balanca 
accurate  ta  0.001  g  for  weighing  desiccated  soils. 

a,2  Uei m nq  oant.  Sftallcw  aiustrun  weighing  bins  far 
aoul Homing  soil  and  ESC. 
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4.3  Oetlccator.  A  vacuum  desiccator  plus  desiccant  and  vacuum  pump 
for  drying  soils. 

4.4  Pipettes.  Glass  or  plastic  plpattas  capable  of  delivering  3  ml 

of  SSME. 


4.5  Soil  sieve.  A  soil  slava  with  a  mash  cpaning  of  2.00  an  for 
slaving  air-dry  soil. 

S.O  Reagents 


5.1  £thvlene  glycol  moncethyl  ether  (2-athonyethenol).  Reagent 
grada  55ME  for  sorting  to  Mil  surf  acts;  approximately  3.0  ml  par  toll  sa^ilt. 

8.2  Calcium  ml  fata.  Savaral  hundrad  grata  of  CaSOa  (drlrlta)  as 
a  dMlccant  for  drying  £GHE««qu1 11  prated  Mil  tuples. 

8,0  Calibration 

The  calibration  proeaduras  involved  In  this  nstnod  Include  tnota 
associated  with  balancas.  Thasa  art  parforaad  on  a  parlodlc  basis  by  tne  SC. 
Instrument  laboratory. 

7,0  Procedure 

Air-ary  the  toll.  Slava  the  air-dried  toll  to  put  a  2.00  am  math 
screen.  Obtain  tare  weights  of  triplicate  labelled  aluminum  weighing  pans 
that  ware  placed  overnight  In  a  desiccator  containing  CaSOa  dMlccant. 

Weights  snould  be  obtained  to  the  nserm  0.001  g.  To  itch  of  the  tared 
triplicate  weighing  pens  add  1.1  g  of  air-dry  slaved  soil,  using  the 
cap-loading  electronic  balance  (accurate  to  O.Oig).  Place  the  pans  of  soil 
into  a  OMtecator  containing  CaSOa,  tvacuatt  Me  desiccator  for  48  minutes 
with  4  vacuum  puce  and  shut  off  the  vacuum  lines  to  maintain  the  vacuum  in  the 
desiccator.  After  tt  leu*  1  hour,  weigh  the  pans  of  soil,  evacuate  the 
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desiccator  again  for  45  Minutes,  and  weign  again  at  least  l  hour  later. 

Conti  nut  this  procedure  until  a  constant  weignt  Is  obtained  (to  nearest 
0.001  g). 

After  constant  weignt  has  been  ootalned,  add  3.0  ml  of  reagent  grade 
£S>€  to  each  pan  of  soil  to  fora  a  slurry.  After  1  hour  of  equilibration  of 
the  slurry,  place  the  pans  of  soil  in  tne  desiccator  and  evacuate  for 
45  Minutes.  After  Maintaining  the  vacuua  for  an  additional  hour,  obtain 
weights  (to  the  nearest  0.001  g}  for  each  pan,  place  the  pans  back  into  tna 
desiccator,  evacuate  for  45  slnutas,  and  allow  the  pens  to  sit  overnight  unqer 
vacuua  desiccation.  Weigh  the  pans  again,  evacuate  the  desiccator  for 
45  ninutes,  and  reweigh  one  hour  later.  Continue  this  procedure  until  a 
constant  weignt  is  obtained.  Record  all  weights  in  in*  in  the  leoontory 
record  book. 

8.0  Calculations 

For  each  pan.  calculate  the  total  surface  are*  (TSA)  by  dl vicing  the 
grm  of  COME  adsorbed  per  graa  of  soil  by  O.Q00236g/«2,  -he  Oy a  1  -Hendricks 
value  for  the  weignt  of  EGHI  required  to  fore  a  aonoleyer  on  a  surface  are*  pf 
la*.  That  ia,  *' 


TSA  *  (0.000*4  g/ariHb  *  c) 


where:  a  •  weight  of  desiccated  sail,  E5ME,  and  pen; 
b  •  weight  of  desiccated  soil  and  pan; 

6  •  tare  weight  of  pan. 


5.0  Nf trances 


Carter,  0.1,  H.0.  Mel  lain,  ana  C.l.  Gonralti.  1985.  Ethylene  glycol  aonoetnyi 
ether  for  deteraming  surface  arts  of  silicate  ainerili.  Soil  Sci. 
100:355-380. 

Heilaen,  M.3.,  0.1..  Carter,  and  C.L.  Sonzalel.  1965.  The  ethylene  glycol 
aonoetnyi  ether  (EGME)  technique  for  cttersining  soil-eurrec*  arte.  5oi*-  Sci. 
100:  *09-413. 
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Cihtc«t,  L.J.,  and  J..M.  Srtjmer.  1979.  A  *tnyltne  glycol  wnoetnv] 

<cn«r  procidurt  for  tsstssaen  of  soil  surf  sc*  ar**.  Soil  3d.  Soc.  Aa.  J. 
43:321-822. 


Approved  iy: 
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S7AK0AOT  OPERATING  ?ROCSDU»S  ?CR 
PARTICLE  5*2  ANALTSI5  0?  SOILS 

l.C  Scao* 

This  ntshoo  assert  6«s  t  standard  *«y  to  data rain*  tfts  sortie U  iUi 
distribution  In  soils.  It  Is  tout*  frm  an  AS7M  procadurs  (AS7N,  1372; 
ASTN,  1378)  and  is  wldaly  apgllcaols  to  soils. 

2.0  Surest*  o f  jjstftgd 


Alf-dfy  toll  Is  tnalytsd  for  partld*  *12*  distribution  Uim  on 
Sl*v1i*3  (for  tt> of  P*rt1cl*s  Upjt r  than  75  um)  or  by  a  sadlnsntaelon  procost 
(thooo  wclelM  posting  ta*  73  «a  si**}.  A  frydroretsr  is  us*0  in  th* 
s*dl**nut1ca  procttira* 

3.0  tntsrftr*nc*s 

KOC  applICUt*. 

4.0  Apparatus 

4.1  Igfanct,  A  balanc*  wwsltt*  to  0.01  g  far  »#*t  going  ta* 
■tttrttl  posting  <  73  <*•  sin*  in*  for  *1  going  si*  aatarl  *  I  rttainao  on 
ltrj*r  lints. 

4,3  Mprtir  ing  >ml<.  a  carurlc  aortar  and  past I  a  for  ortulng  uo 
targar  sail  dluaps. 


4.3  Mydrtnttr.  An  ASTN  hydroswtar,  grtCuatad  to  raid  In  attftar 
SOtdflc  jrtrlty  of  t a*  saspanslca  or  grtas  par  lltlr  of  tusoaoslon. 

4.4  StoiwtwSKi on  Cyllneitr.  A  glass  13C0  al  grtduatad  cyilndar, 
for  oorf anting  sMlatncitlan  analysis. 
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4.5  Thernoffittar.  A  thtracaetar  accurate  to  1*9  {Q.S*C). 

4.5  Sol,  Slavas.  A  sma  of  Slavas,  of  souirt-*«*n  »ovtn— *1  ra 
cloth,  is  follows: 


Ho. 

4 

4.75  aa 

NO. 

10 

2-00  m 

NO. 

20 

850  ua 

No. 

40 

425  wa 

No. 

60 

250  uQ 

No. 

140 

106  ua 

No. 

200 

75  u* 

4.7  Itrttr.  A  IxtUr  of  250  al  caoaclty . 

4.8  Timna  Oavict,  A  watch  or  cl  oca  with  I  second  hind. 

4.9'  Electric  Stirr*ng  AapfratyS.  A  nlgh-apeed  altccrie  stirring 
device.  such  is  •  *sdU  shake  ttlmr,* 

5.0  toeams 

5.1  Olsoarsiaa  Aecwt.  a  solution  of  soHuw  haiaantaenosohate, 
frasftly  prepared  by  dissolving  40  g  of  sodluM  Aeuattachoaphate  per  1.0  Hear 
of  Urns  toil  mur, 

i.0  Caltprstlon 

Tbo  hydronstar  should  a*  calibrated  la  dtstllltd  weter  iftd  In  * 
solution  contusing  sodlua  haxaaataphasphate.  Bring  •  1800  at  glass  graduated 
Cylinder  to  voluaa  with  Samstud  water.  To  another  1000  nl  glass  graduated 
cylinder  add  125  al  of  a  solution  of  sodlua  heuaetapnospnete  f*0  g/1)  and 
Bring  to  voluat  with  lamsteac  wattr,  with  constant  ailing.  After  assuring 
that  tha  Qfllndars  of  Houle  ara  at  re oa  taaserature  {«. ;.  22*t),  add  the 
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hydraaetar  so  too  ey linear  containing  «itir  and  record  tne  value  as  ctafl  at 
the  SM  of  tnt  aenlsais.  Ideally  cnis  should  at  0.  Next,  out  sat  .lyorojnaeer 
in  sm  cylinder  containing  tna  sodlua  htxaaataonospnate  solution  ano  rtcoro 
tha  raiding  at  tna  top  of  the  senlsci*.  The  difference  between  tna  readings 
is  called  tha  covoslta  corracslon  factor  and  is  so  ha  used  in  tha  calcula¬ 
tions  (Section  3.0). 

7.0  Procedure 


Spread  tna  soil  stole  In  an  exhaust  hood  so  that  it  will  air-dry. 
Whan  the  soil  Is  air-dry  end  can  be  ground  In  a  oorsar  and  pestle,  «1*  the 
saole  thoroughly  eo  assure  uniformity,  gently  grind  tna  soil  In  tha  sorter 
and  pestle  until  soil  particles  are  broken  up  (do  not  grind  soil  and  gravel 
particles  to  a  fine  powder),  and  six  tha  staple  again.  Welgn  triplicate 
portions  (about  S.O  g),  oven-dry  than  (10S*C  for  2*  hours)  and  ra-welgh  the* 
to  deterntne  sol  stun  concent.  Using  slaves  No.  *  and  10,  separata  the  soil 
saole  into  three  fractions:  greater  than  *.75  an  dianeter,  lass  than  4.75  an 
hut  greater  than  2,00  an  dtanicar,  and  lass  than  2.00  as  dianeter.  ftecord  tfta 
weights  of  all  site  fractions.  The  results  constitute  the  portion  greater 
than  2.00  as  disaster. 

The  portion  pasting  the  2.00  an  slave  is  to  »e  fractionated  further. 
Add  50  g  of  the  lass  thin  2.00  ns  alr-dry  soil  (or  nora  accurately,  soil  of 
knew*  sol sture  content),  to  a  250  si  beaker.  Cowar  the  soil  with  125  si  of 
sodlun  hexemtaphospnate  solution  (*0  g/1)  and  stir  until  me  soil  is 
thoroughly  wet.  Allow  the  artxture  to  tit  at  roen  tespenture  for  at  least  15 
hours. 

At  the  «sd  of  the  soaking  period,  disperse  tha  soil  further  by 
stirring  for  one  sinwte  with  a  high  speed  electric  *sUt  shake  stirrer.* 
lanudlataly  transfer  tha  soil-water  slurry  to  a  glass  1000  si  graduate 
cylinder  and  bring  to  veluae  with  ftarettead  water.  Cover  the  cylinder  with 
peraflla  (2  layers)  and  repeatedly  Invert  and  upright  the  cylinder  for  1 
stnute*  During  this  *1x1  ng,  sake  sure  all  soil  is  (Ming  dispersed  and  that 
none  sett  let  in  the  qrllnder.  After  the  1  alitite  period.  Place  tha  cylinder 
on  a  level,  sturdy  surface  at  roos  taaearature.  Aecprd  tha  ties  of  aay  ano 
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sftar  2,  5,  15,  30,  *0,  250,  and  1440  winutas.  uu  an  ASTH-aoo  roved  hydrowtter 
so  obtain  a  stdiwantation  reading.  Aporwiaataly  79  to  23  stcondS  before  t 
readi n;  la  aone.  canful ly  inaar?  tne  nyorswetar  into  Me  y  Under.  Head  Me 
bydrowatar  at  Me  toe  of  tne  aenlscts  forsed  by  tne  sssoeittion  around  tna  stao 
of  tat  bydrowetar  ana  inadlataly  rawove  ttia  fiydrowetar  fr m  tne  cylinder. 

After  Me  final  bydrowecar  raiding  1$  taiuts,  i.a.  at  1440  art  mites, 
pour  tna  suspension  onto  «  75  .a  slava  (.la.  290),  wash  Me  sieve  *itA  water 
until  tfte  <aan  water  is  clear,  transfer  :na  sated  el  to  a  suitable  eantainar 
sudt  as  a  baabar,  and  dry  in  an  oven  at  10S*C  over-nipt.  Aftar  Me  oven* 
drying  Is  oaaplata,  fractionate  Ma  dried  aatarial  on  tna  fallowing  Havas: 

So.  20,  40,  80,  140,  and  tna  bcttow  pan.  oeigMng  tna  portion  retained  by 
each. 


8.0  Cal  eolations 

The  not sturt  content  of  Me  original  toil  tuple  is  calculated  as 

follows: 


(al r«dry  »tim  of  soil  *  pan)  .  (ovan«dry  watcnt  of  ML* 
TWiCSry  waipt  U  soi  l  *  pan)  «  (waipt  o *  aipcy  pan) 


aai 


Jesuits  an  oe  eapmted  as  percentage  aoi store  by  aulti Plying  ay  100, 

Calcilstt  tna  portion  greater  Mae  *.75  «*  (A),  between  4.78  aw  sad 
2.00  aw  {*),  and  lass  Man  2.00  a»  (C),  u  follcwa: 


fraction  in  Question  (in  cnee) 
Total  gram  V  soil  (A  *  1  •  u) 


a  100 


The  parcantaga  (P)  of  soil  raaalntng  in  suspension  at  Me  level  at 
watcn  tna  nydroaatar  waaswrat  t..«  density  of  Me  suspension  is  calculated  as 
fotUwes 


a  •  Jl  •  (^)  a  iao 
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a  ■  ?iy  arose  ter  reeding  sinus  :««  cseposite  correction, 

4  •  *  correction  factor  for  :n#  ooce!  of  hydroneter  used,  ino  In 
asst  cuts  equals  1.00  for  4  specific  gravity  of  2.55  for  soil, 

W  a  oven -Cry  miS  ct  soil  disperses  in  the  hydroeeter  test 


The  dimeter  0}  of  the  particles  corresponding  to  the  percentage  fndtatec  oy 
4  given  hydroaeter  reeding  is  calculated  is  foil wt: 

0  •  X 


an«»*e: 

K  *  e  cowtint  that  is  deotndent  o«  ttesereture  and  specific 
gravity.  At  22*1  and  2.55  specific  gr»vtty,  tne  value  of  «  i* 
*■  0,31332.  Other  values  can  oe  ofctai«*d  free  Tthle  3  of  AST*, 

:  1972, 

+  ■ 

l  •  distance  froe  the  surface  of  we  suspension  to  the  level  it 
1  *d>t«a  the  density  of  the  suspension  is  aeasufea.  in  as;  this 

.  vein*  i*  known  «  the  effective  sioth  tec  requires  the  use  of 

Tehle  2  1r  4S7M,  1872. 

I  ?  *  t starve |  of  tie*  free  beginning  of  seciawtation  to  we  teeing 

^  of  the  reading;  is  sin, 

r* 

I  9.0  tefenmst* 


AST*.  1972,  StMCani  etthoc  for  pertide-eise  analysis  of  Mils.  A$ni 
{  0*22-81,  Washington,  0.£. 

**  ASTH,  2978.  Slander*  set  nod  for  cry  prehension  of  *0*1  smelts  for 

pefticle-sits  enalysi*  end  ceteminetian  of  soil  constants.  AST*  3*21-14, 
Washington,  d.C. 


X  .. 
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Apero**d  by; 


I 


1 


I 
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STANDARD  OPERATING  fflOCSURS  'OR 
DETERMINATION  OF  SOIL  CATION 
SCCHANffi  CAPACITY 


1.0  Scoot 


This  wthod  is  dulgned  to  determine  the  cation  exchange  coo* city  in 
soils,  wfllcft  In  cl  at  as  the  eaoacity  of  soils  to  sine  lenortant  plant 
nutrients.  It  is  baton  on  the  dtsolacannt  from  exchange  situ  of  nutrient 
cations  such  as  Ca,  X,  and  Mg,  with  an  extracting  cation.  The  extracting 
eatlon  Is  then  displaced  and  analyzed  In  the  leachate.  Although  several 
different  cations  an  be  deployed  to  displace  the  soil  cations,  the  cation  of 
choice  should  be  low  in  the  soil  to  prevent  law  CSC  deteral notions.  There¬ 
fore,  aaaonlua  Is  used  east  widely  and  Is  deployed  In  this  procedure. 

2.0  Smote rv  of  Method 


Aaaonlua  acetate  la  added  to  a  known  quantity  of  soil  to  both 
displace  the  bound  cations  and  to  saturate  the  ucnange  situ.  An  ethanol 
solution  is  used  so  wuh  the  soil,  followed  by  the  displeceaenz  of  NH** 
toot  by  KC1,  The  displaced  NHq*  ions  are  analysed  using  an  unaalua  * 

Ion-*  pacific  electrode,  and  the  concent  rad  on  of  eaapnlua  Ions  In  the  luchtte 
Is  proportional  to  the  X*  ions  bound  to  the  soil  and  thus  to  the  CSC. 

3.0  Intefftrenceg 

To  provide  accurate  CSC  determination  the  displacing  ion  mould  not 
be  pretent  in  high  concentration  In  the  soil.  In  addition,  sonovalant  lont 
have  proven  to  gin  Ins  veriest#  results  then  divalent  displacing  cations, 
such  as  cal  duo  or  aagnaslua, 

a.  0  Aootritcs 


*.I  »almce. 
siellar  oa lance  or  aoual 


A  too-loading  digital  display  •leetrenie  aaUnca,  or 
accuracy,  for  weighing  tolls  to  the  nearest  0.31  }. 


105 


SF  0-13-1 
July  17,  1984 


— 3hlMf-  A  «0*al«  9t  hold ng  i  125  al  Erlawyar  fUtk. 

.#  amid*  tanstant  shaJcl  ng  t or  1  hour. 


idJmgL  fflg  *jggl-  A  250  al  '11  tor  fUik  with  a  Buchnar 
funnol,  for  washing  tfio  sail  saw  la. 


£dJ£!£SLj!&gZ'  »>«*«’  «wr  >*-*  ffltar  paoar  (or  *l«n4r 
WiWi“i  that  flti  ih*  Bueftnar  funnol,  for  washing  tft*  toll. 

i%5....Yoluw*tf1  ft i,Ug&L«  A  100  at  voluaatric  flask,  far  adjusting  to 
*shm  th*  dtaiieoa  f«V  solution,  *nd  1.0  1  and  ICO  al  voluaatric  flasks 
for  prtturlng  rasgantt. 


1.8,.Aowon1>ii  loa-soacl fl ■;  >1  tctroda.  An  Orion  amnlua 
f«-*MC1f1c  alter roda  wo  digital  pH/dlll^h  aatar  wa  «  w  Orion 


iA.  *at«ftts 

0n«  aoUr  solution,  aadt  by  dissolving 
77.1  g  SMonlua  scatata  1n  ,  t0tsl  0f  l#0  11  tar  of  lansttsd  wattr  in  s 

*9,u**rtc  flask.  Adjust  to  pH  7.0, using  gl«eia1  settle  scld  and  a 
standardise  pw  aatar. 


«iS3Bl££l£ 1  Aieshoi.  hi*  Bfl  #i  danatund  ethanol  with  ao  «t 

larmasd  aatar. 


M.  fWMSIua  Chlorl at,  A  55  solution,  praotrtd  ay  dissolving 
50.0  g  ttl  in  a  total  of  1.0  i  Strattasd  -star. 

5.0  Calibration 

Calibration  for  this  proetoura  lncludas  tht  preparation  of  a 
standard  am  for  tht  mnoniua  ion-spadfic  alaesreda.  To  prepare  wa 
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Standard  curve,  first  prepare  standard  solutions  containing  1,  10,  100,  ana 
1000  ppa  NH4CI  from  the  0.1  M  NH4CI  Orion  standard.  Add  93.3  *1  of  one 
Orion  standard  to  a  500  al  voluwtrlc  flask  and  bring  to  volume  with  Sarnstaad 
water,  to  give  a  1000  ppm  NH4*  standard.  Add  50.0  al  of  the  1000  ppm 
standard  to  a  500  al  voluwtrlc  flask  and  bring  to  volum  with  Samstaia 
wtttr,  to  give  a  100  ppm  standard  solution.  Add  50.0  al  of  the  100  poo 
standard  to  a  500  al  voluwtrlc  flask  and  bring  to  voluw,  giving  a  10  ppa 
standard.  Prepare  the  1.0  ppa  standard  by  adding  50.0  al  of  the  10  ppn 
standard  to  a  500  al  voluwertc  flask  and  bringing  to  voluw. 

Before  determining  the  standard  curve,  check  the  electrode  slope  as 
for  is.  Mix  100  al  Barnstead  water  and  1.0  al  of  10  M  NaOH  solution  (Orion 
stsndard)  In  a  ISO  al  beaker.  Turn  the  function  switch  on  the  model  501A 
pH/aV  wter  to  relative  atlllvolt,  place  the  electrode  In  the  beaker,  and  stir 
the  beaker  constantly  with  a  wgnetlc  stir  bar.  hew  plpet  1.0  al  of  1000  ppm 
standard  Into  the  Wesker  and  adjust  she  reading  to  000.0  with  the  calibration 
knob.  Ner%  add  10.0  al  of  1000  ppa  standard  Into  the  beaker.  Correct 
electrode  operation  Is  Indicated  by  a  reading  of  -57  (*3)  «V. 

To  prepaw  the  standard  curve,  add  ipproxlwtaly  7  al  of  1  ppa 
standard  to  a  10  al  beaker,  add  a  saall  wgnetlc  stirring  bar,  and  stir  ehe 
solution  constantly.  Pise:  the  elecirodo  In  the  solution,  being  careful  not 
to  trap  bubbles  outer  the  electrode.  Add  0.1  al  (100  1 )  of  10  M  haON  to  the 
beaker,  set  the  function  switch  to  re!  av,  and  record  the  display.  Saturn  tne 
function  switch  to  stand-cy,  raao»e  the  elsetrode,  rinse  ttorcugnly  wlcn 
Barrtstwd  water,  and  repeat  Me  above  procedures  for  the  rawlnlng  standard 
solutions.  Plut  the  millivolt  wading  on  the  ordinate  (linear  axis)  against 
concentration  on  the  *  belts*  (log  «1s)  on  saallo^antiwlc  paper. 

The  standard  curve  should  be  recalibrated  eve-y  two  hours  during  the 

analysis. 

7.0  Procedure 

Add  5.0  g  air-dried,  sieved  (<2.00  aa)  soil  to  <  125  al  Erlenaayer 
flask.  Add  125  al  of  1M  aaaonlua  acetatt  *nd  shake  tne  mixture  for  1  hour  «t 
room  taaoertture.  Using  Uhatwn  44  filter  paper,  repeatedly  >•««  the  soil 


107 


ESF  0-13-1 
July  17,  1384 


under  vacuus  filtration  In  a  3uchner  funnel  with  portions  of  Industrial 
ethanol  solution.  Use  at  least  100  ml  of  the  ethanol  solution  and  reject  all 
washings,  leach  the  soil  with  mil  (20-30  al)  portions  of  S3  KC1  until  a 
total  of  100  al  (In  a  voluaetrlc  flash)  has  been  collected.  Oettralne  the 
.1X4*-#  concentration  In  the  leacnate  using  the  amonlua  ion-specific 
electrode  as  described  earlier  for  the  preparation  of  tne  standard  curve. 

8.0  Calculations 

CSC  should  be  expressed  as  ail  11  equivalents  per  100  g  of  dry  soil. 
The  conversion  froa  ppa  (  g/al )  NH**-#  as  detarsrined  with  the  aaesniun 
electrode  to  CSC  is  as  follows: 

C£C  (aaq/100  g)  - 


wnere: 

A  •  ppa  NHa*-*  froa  the  standard  curve,  and 

I  *  moisture  content  of  the  toll,  expressed  ss  a  decleel  fraction 
rather  than  percent. 

The  derivation  for  this  fonule  Is  as  follows: 

CSC  (expressed  In  aeq/g  dry  soil)  • 

(ug/al  XHa^HlOO  a)  leachate )(1  agflOOO  ug) 

(I  f  air-dry  tpl1)(l-aetsture  content  Hit  ag/aeq) 


8.0  Reference* 

Allen,  S.  £.,  M.  N.  firlMhew,  J.  A.  Pareinsen,  and  C.  Ouarsoy.  1974. 
Chealeal  Analysis  of  Ecologies!  Kateriels.  wilay  and  Son,  Hm  fora.  585  pp. 
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Annex  16 


«txod  for  flrawiJMrcw  of  totai  scivekt -cXTiuc?A3iE 
comtest  cf  sails  mo  ssa ijsnts 


Isssi 

1.1  Tills  atnod  avers  the  extraction  ana  quantification  of 

the  total  solvtnt-extractaole  content  of  sails  no  udiauu  as 
concentrations  above  10  ug/g. 

1.2  The  metnod  Is  sultaol#  for  the  extraction  of  aost  phenols, 
anilines,  md  neutral  seel  volatile  organic  cosoounas. 

1.3  lot*  boiling  organic  amwnents  are  loss  by  evaaeratlon  and 
are  not  included  In  She  total  sal vent •extractable  content. 

Sutrv  of  Method 

2.1  The  vet  or  dry  sail  or  sedlont  stale  Is  nixed  with  aqueous 
sodium  chloride/pctasslum  dihydrogen  phcspnete  and  edulllbrated 
with  eethyl  tert -deity  1  ether  (HI1E).  The  NTBC  extract  Is  dried 
and  concentrated.  The  concentrated  extract  is  filtered  to  rower 
any  oertlalate  eeteHal.  The  solvent  is  tvasorated  froa  a 
portion  at  the  concentrated  extract  ana  the  residue  Wight  Is 
determined. 

■IfKClrM&tl 

3.1  Relatively  large  mounts  of  extractable  canoonents  Dolling 
below  200*2  will  «*e  It  difficult  to  obtain  reproducible  residua 
weights.  Relatively  large  Mounts  of  extractable  high  eo lecul*r 
weight  polymeric  materiel  soy  intarfar  with  the  filtration  of  the 
concentrated  extract. 

joturitui 

4.1  Separatory  Funnel  —  100-M.  with  Teflon  stopcock. 

a.2  Kudemi»flaa1tft  Apparatus  —  ZS-es.  cancantrttor  tube  fitted  with 
e  artcro-Snyder  coluen. 

4.3  weighing  01  tn  —  approximately  2*co  diameter  aluminum  fall. 

4.4  Svrlnet  —  2-at  gas-tignt  with  Teflon  Luar  lock. 


4.5  Filter  Assembly  —  25-ma  oisaosaole,  witn  Mlllipore  MlUea-S*. 
0.5  a*  FTFS  sweorine  filter. 

4.5  8o111nc  CM  as  —  jporaxlaately  10-40  aesh  esracrundum. 

4.7  Veter  iath  —  heatad,  caoaolt  of  taweruura  control  of  7  2*0. 
The  bath  should  do  used  In  «  hood. 


4.8  HlcrqOtlanct  —  capable  of  accurttely  weighing  to  •  0.C01  ®g. 

4.9  Rotary  Miser  —  capable  of  routing  0  5-o:  saaple  bottle 
ond-ovor-ohd  at  aopralautely  20  rga. 

Reeoents 

1.1  Salt  Solution  —  Dissolve  300  g  of  heCI  and  20  g  of 

In  800  «t  Of  water  «id  dilute  to  ona  liter  with 

water. 

$•2  Methyl  tert-8uty1  Ether  ( MTBE>  —  Q1st111ed-1n-g1a«  grido. 

5.2  Macnoalwa  Sul  fata  —  Anhydrous  powder. 

5.4  Com  Oil  Standard,  hlah  level  —  Dissolve  500  eg  of  corn  oil 
In  80  m.  at  JffBC  and  dilute  to  1 00  at  with  NTUE. 

5.5  Com  Q11  Standard,  low  level  —  Ollute  10  at  of  the  high  level 
com  oil  standard  to  ICO  at  with  KTSE. 


1.1  limb  —  Oeteralne  the  residue  welghu  \ 7.S3  of  triplicate 

100  ut  allouota  of  MT1E.  An  average  value  of  0.0  $  10  ug  mould 
be  obtained. 

8.2  Com  01 1  Standards  —  Determine  the  residue  weights  (7.5)  of 
triplicate  100 mi  allouots  of  the  low  level  com  oil  standard  ano 
the  high  level  com  all  standard.  Average  values  of  SO  •  10  ug 
and  500  *  25  ug  should  be  obtained  for  me  low  level  and  hlgn 
level  standards,  respectively. 

Rrocedurt 

7.1  tstrietlon  -  Add  JQ  ac  of  JOS  NaC1/2s  wyo4 

and  JO  et  of  HUE  to  30  g  of  soil  In  a  6»ot  wioe-acuth  aottle 
having  a  Teflon-lined  screw  cao.  Tueole  the  bottle  end  over  end 


for  16  hour?,  weigh  the  tattle  aefsrt  and  if  tor  the  tattling 
period  to  determine  any  iiriUl  in  grots  digits  from  lots  Of 
sal  vent.  If  toe  gross  weight  nas  decrtasad  by  sort  than  0.5  g. 
:h«  swots  tttt  bs  discarded. 

'.2  Must  Ssasrttlcn  —  Lit  ths  swots  stand  to  allow  the  phases 
to  ssosrsta.  Oscant  ths  MT1E  and  water  taysrs  into  a  lOG-ac 
ssearaeory  funnst  and  allow  ths  phases  to  tsoarits  for  10 
minute*.  Withdraw  ths  aqueous  laysr  and  discard. 

7.3  Or ylno  —  Transfer  ths  HTBE  extract  to  a  2-oa  narrow-south 
bottls  having  a  Taflon-Hned  tersw  cap.  Add  2  g  of  anhydrous 
■agnail un  sulfata,  shake  ths  sample  vigorously  for  one  minute, 
and  allow  the  smla  to  stand  for  at  least  S  etnutas. 

7.4  Concentration  —  Transfer  25  tt  of  the  clear  extract  to 
a  Kudem-Oanlsh  aooaratus,  add  two  boiling  chips,  and 
concentrate  the  extract  to  G.5-0.8  *  in  a  water  bath  at  80-W*C. 

7.5  filtration  —  Transfer  toe  cdncsntreted  extract  to  toe  barrel 
of  a  2-tt  syringe  fitted  with  s  Mllllport  milax-SR  0.5  u«  m 
membrane  filter.  Insert  the  plunger  of  the  syringe  and  express' 
the  filtrate  into  s  1-st  volumetric  flask.  Rinse  the  K-0  tube 
with  Q.2  el  of  MTU,  transfer  the  rinse  to  the  syringe  and  filter 
the  rinse  Into  toe  vol metric  flask.  Qlluta  to  voluai  by  the 
addition  of  MTtf  and  elx  thoroughly. 

7.6  Otterwl nation  of  Residue  weight  —  Trinsfer  100  ul  of  the 
extract  to  an  aluminum  weighing  dish  that  has  been  tired  on  a 
mlcrobalwce;  place  toe  dish  under  •  heat  lamp  at  a  distance  of 
I  ta  from  toe  lamp  for  one  el  note  to  allow  the  solvent  to 
evaporate;  transfer  the  dish  to  the  dcrobalancs;  allow  the  dish 
to  equilibrate  for  one  minutes  and,  weigh  to  deterertne  the 
residue  weight. 
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icimi  125  si  i.-lanaeyar  fltsxs  that  have  been  acid  wasnec.  Nandi*  :ne 
standards  exactly  as  described  below  In  Section  7.0,  Procedures. 

7.0  Procedures 


Weign  i.Qg  of  air-dry,  2  at  man  slaved  soil  into  a  125  si 
Srlenneyer  flaik.  Depending  on  the  organic  sactar  concent,  the  assent  of  soil 
my  have  to  be  reduced.  For  tails  expected  to  contain  greater  than  ICS 
organic  setter,  hut  which  are  nee  truly  organic  toils,  use  a  0.5  g  saw  la. 

For  an  organic  sail,  use  «  0.1  g  portion.  To  each  flask  (standards  and  w»> 
plea),  add  10  el  of  2t  KjCrjOy  and  swirl  to  eix.  Then  add  20  el  concen¬ 
trated  HgJOa  and  swirl  to  six  well.  Leave  each  flask  undisturbed  for  SO 
■tastes.  Next,  in  the  sam  aepuence  as  the  acid  was  added,  add  to  each  flask 
100  ■!  of  0.5S  leClg  solution.  Leave  the  flasks  undisturbed  ovemignt.  Set 
the  speesraphotomter  to  SU  m,  the  slit  width  to  2.0  tm,  the  leap  switches 
to  visible,  and  Che  node  to  absorbance.  Turn  on  the  spectrtpnotomter,  allow 
sufficient  tlm  for  wane-up  (approxioately  2  hours),  and  detarsine  the  absorb- 
uca  of  etch  solution  st  Hi  me,  including  all  standards,  blanks,  and  saeplas. 

e 

8.0  Calculations 


Floe  tne  standard  curve  on  graph  paper  or  vie  linear  regression  is 
percent  organic  meter  versus  absorbance  at  511  na.  Free  the  aosorbance  of 
the  tamlm,  the  corresponding  percent  organic  natter  can  be  dart* rained  'row 
the  standard  curve. 
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Final  Report 


on 

Physical -Chemical  Characterisation 
of  Soils 

to 

IT  Envlrosclence 


IHTROPUCTIOK 


IT  Envlrosclence  (IT)  submitted  three  soil  samples  to  Battelle's 
Columbus  Laboratories  for  selected  physical  and  chemical  characterisation. 
The  analyses  to  be  completed  Included  pH,  electrical  conductivity,  organic 
matter  content,  cation  exchange  capacity,  moisture  content,  surface  area, 
oil  and  grease  (solvent  extractable)  content,  and  particle  size 
distribution.  This  report  presents  the  results  of  this  project  In  tabular 
and  brief  descriptive  form. 


Materials  and  Methods 


The  methods  employed  Mere  the  same  as  those  included  In  the 
appendix  of  the  previous  Final  Report  to  IT  on  project  525-0-8637.  All 
analyses  were  performed  In  duplicate  Mlth  the  exception  of  surface  area. 
In  which  five  replicates  were  used. 
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Results  and  Discussion 


Table  1  presents  a  comparison  of  the  three  IT  soils  and  Is  largely 
self-explanatory.  Each  characteristic  Is  discussed  briefly  below. 

oH 


Sample  IT  4543  was  considerably  more  acidic  than  the  other  two 
samples.  Samples  IT  4540  and  IT  4569  exhibited  similar  pH  readings,  even 
though  their  physical  appearances  were  considerably  different  from  one 
another.  That  is,  while  IT  4540  resembled  a  normal  soil,  sample  IT  4569 
resembled  ground  limestone,  which  would  be  expected  to  exhibit  a  high  pH. 
The  thrrn  pH  values,  however,  are  not  atypical  for  widely  dispersed  soils. 


Electrical  Conductivity 


Electrical  conductivity  (EC)  is  an  indication  of  soluble  salts 
content.  Samples  IT  4540  and  IT  4543  showed  very  low  EC  readings  compared 
to  samole  IT  4569.  Nevertheless,  all  three  soils  are  low  in  soluble  salts 
compared  to  truly  saline  soils  (e.g.»  an  EC  greatar  than  10  mlllimhos/cm). 

Organic  Matter 

All  three  soils  were  very  low  in  organic  matter  content.  Samples 
IT  4543  and  IT  4569  were  among  the  lowest  we  have  measured.  A  typical 
midwestem  agricultural  soils  may  have  an  organic  matter  content  of  4  to 
7  percent,  while  truly  organic  soils,  such  as  a  Hlstosol  in  southern 
Florida,  may  have  organic  matter  contants  of  50  percent  or  more. 

Cation  Exchange  Capacity 

Cation  exchange  capacity  (CSC)  Is  a  maasure  of  the  ability  of  a 
soil  to  bind  important  nutrient  cations,  such  as  calcium,  magnesium,  and 


potassium.  A  soil  with  a  high  CSC,  e.g.,  10  to  15  mil  11  equivalents/1 00 
3  or  more,  generally  Is  more  fertile  than  soils  exhibiting  low  CHCs.  Tne 
IT  soils  all  showed  low  CECs,  with  samples  IT  4543  and  IT  4569  showing 
comparably  low  values.  These  results  compare  well  with  the  organic  matter 
coatants  and  illustrate  the  Influence  of  organic  matter  on  CEC. 

Moisture  Content 

* 

The  values  for  moisture  content  in  Table  1  reflect  the  air-dry 
nature  of  the  samples  as  received.  The  main  reason  for  determining  the 
moisture  content  of  the  air-dry  samples  Is  to  correct  the  results  of  various 
analyses  to  reflect  oven-dry  weights  of  soil. 

Surface  Area 

The  surface  areas  of  the  three  soils  samoles  are  considerably  less 
than  the  soil  sample  previously  analyzed  for  IT.  This  is  the  result  of 
the  relatively  low  proportion  of  clay  In  the  three  samples  most  recently 
analyzed  (see  Particle  Size  Distribution).' 

Oil  and  Grease  (Solvent-extractable)  Content 

Sample  IT  4540,  with  an  average  solvent-extractable  content  of 
1759  mlcrograms/g,  was  considerably  higher  In  total  solvent-extractable 
content  than  the  other  two  samples.  The  origin  of  the  solvent  extractable 
content,  whether  anthropogenic  or  natural,  is  not  Indicated  by  the  analysis 
performed.  Nevertheless,  it  is  likely  that  sample  IT  4540  has  been 
subjected  to  a  level  of  anthropogenic  input  of  oil  and  grease.  Some  other 
analysis,  such  as  gas  chromatography-mass  spectroscopy,  would  be  required 
to  identify  the  materials  making  up  the  solvent  extractable  content. 

Particle  Size  Distribution 

The  results  of  the  particle  size  analysis  are  for  the  less-than- 
3.00-me  fraction  since  the  samples  as  received  were  air-dry  and  sieved 
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to  2.00-nm  or  less.  All  three  soils  had  fairly  high  contents  of  medium 
and  fine  sands,  and  fairly  low  clay  contents.  Based  on  these  results,  the 
less-than-2.00-mm  fraction  of  IT  4540,  IT  4543,  and  IT  4559  are  classified 
as  loamy  sand,  sand,  and  loamy  sand  to  sandy  loam,  respectively.  These 
results  also  explain  the  relatively  low  values  for  CEC,  organic  matter, 
and  surface  areas,  which  are  those  parameters  influenced  considerably  by 
the  extent  of  the  clay-size  fraction  in  a  soil. 

CONCLUSION 

Although  the  three  soils  Included  in  this  study  represent 
non-contaminated  background  soils,  the  results  of  the  physical -chemical 
characterization  should  prove  useful  to  IT  for  understanding  the  fate  of 
2,3,7,  8-tetrachlorodibenzodioxin  in  similar  soils. 
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INTRODUCTION 


In  accordance  with  Subcontracting  Agreement  and  Purchase  Order  No.  4-12-27-01 
from  IT  Corporation,  Allis-Chalmers  Energy  and  Minerals  Systems  Company  per¬ 
formed  a  rotary  kiln  study  for  IT  Corporation. 

The  objective  of  the  study  is  to  determine  the  behavior  of  contaminated  soil 
on  pyrolysis,  and  the  degree  of  exhaust  dust  carry  over. 

The  study  included  small  batch  kiln  tests  using  three  uncontaminated  soils 
supplied  by  IT  Corporation,  and  kiln  heat  transfer  computer  study. 

The  small  batch  kiln  tests  were  performed  at  Allis-Chalmers  Process  Research  & 
Test  Center  during  the  period  of  January  9-11,1985.  These  tests  were  witnessed 
by  Mr.  J.  L.  Fleming  of  IT  Corporation. 

CONCLUSION 


Based  on  the  small  batch  kiln  test  result,  the  following  conclusions  have  been 
obtained : 

1.  All  three(3)  soils  (4761,  4760,  4768)  did  not  show  any  signs  of  sticking, 
slagging  or  balling  when  kiln  gas  temperature  of  1038  °C  was  used. 

2.  Kiln  exhaust  gas  dust  increased  with  higher  gas  velocity  through  kiln. 

3.  Material  4768  tend  to  slide  in  kiln  instead  of  turning  over  bed  motion. 


TESTWORK  AND  COMPUTER  STUDY  SUMMARY 


Material  Description 

Three  5  gallon  pails  of  uncontaminated  soil  were  received  at  the  Allis-Chalmers 
Process  Research  4  Test  Center.  They  were  opened  at  the  presence  of  Mr.  J.  L. 
Fleming. 

Soil  4761  looked  like  a  clay  structure  with  a  few  occasional  2  or  3  inches 
lumps.  Soil  4760  looked  like  a  sandy  soil.  Soil  4768  looked  like  a  sandy  soil 
with  large  amounts  of  embedded  sea  shells. 

Moisture  Content 


The  moisture  content  of  the  as  received  soils  are  shown  below: 


Soil  4761 
Soil  4760 
Soil  4768 
Soil  4768 
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6.5%  Moisture 
1.2%  Moisture 
6.4%  Moisture 

5.0%  Moisture  (oven  dried  at 
100  °C  overnight) 


Small  Batch  Kiln  Test 


Eleven  small  batch  kiln  tests  were  performed  and  witnessed  by  Mr.  J.  L.  Fleming 
of  IT  Corporation.  Total  retention  time  for  each  heat  was  set  at  60  minutes. 
Kiln  speed  was  2.8  rpm  and  bed  loading  was  around  7  percent.  A  summary  of  the 
test  conditions  used  in  the  batch  kiln  tests  is  tabulated  below. 


Heat 

No. 

Soil 

Feed 

Moisture 

% 

Kiln  Gas 
Temp 

°C 

Total 

Gas 

Input 

SCFM 

Excess 

°2 

1 

4761 

6.5 

1038 

32 

10 

2 

4761 

6.5 

1038 

45 

10  • 

3 

4760 

1.2 

1038 

32 

10 

4 

4761 

6.5 

1038 

100 

10 

5 

4760 

1.2 

1038 

66 

10 

6 

4760 

1.2 

1038 

100 

10 

7 

4761 

6.5 

1038 

66 

10 

8 

4768 

6.4 

1038 

32 

10 

9 

4768 

6.4 

1038 

66 

10 

10 

4768 

6.4 

1038 

100 

10 

11 

4760 

1.2 

1038 

25 

10 

Test  results  and  observations  are  shown  in  Appendix  A.  Time-temperature  curves 
for  each  heat  are  shown  in  Appendix  B. 

Bulk  Densities  and  Screen  Analysis 

The  loose  bulk  densities  of  the  as  received  material  and  batch  kiln  products  are 
shown  in  Appendix  C.  The  screen  size  structures  of  the  as  received  soil  and 
product  from  the  small  batch  kiln  tests  are  summarized  and  shown  in  Appendix  D. 

Dynamic  Angle  of  Repose  Inside  Kiln 

Dynamic  angle  of  repose  tests  on  as  received  soil,  4760  and  4768  test  product 
were  performed  using  a  glass-faced  38  inch  diameter  drum.  The  drum  was  rotated 
at  0.82  rpm  equivalent  to  0.6  rpm  in  the  EERU  unit.  Test  results  are  shown  in 
Appendix  E. 

Loss  On  Ignition 

A  loss-on-ignition  test  was  performed  on  the  as  received  soil  sample.  The  sample 
was  held  at  1000  °C  (1832  °F)  for  30  minutes.  Test  result  showed  that  the  lorn 
in  weight  was  46.62%  in  soil  4761,  2.07%  in  soil  4760  and  12.46%  in  soil  4768. 
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TGA  AND  DSC  TESTS 


Thermogravimetric  Analysis  (TGA)  and  Differnetial  Scanning  Calorimeter  (DSC) 
testa  were  performed  on  each  of  the  three  as  received  soils.  The  results  are 
shown  in  Appendix  F. 

Heat  Transfer  Computer  Program  Study 

This  will  be  provided  in  a  separate  addendum  report. 
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Small  Batch  Kiln  Test 


Project  Name  IT  Corporation  ^ate  — January  ,9,  1985. 

Heat  No.  1  f4761-11 


Kiln  Ret.  Time 

60 

mins 

Kiln  Speed 

2.8 

rpm 

Kiln  Loading 

7 

% 

Total  Gas  Input 

Rate  32 

SCFM 

Excess  02  _ 10 _ * 

Kiln  Temp  at  Time  of  Feed  1038  °C 

Feed  Moisture  6.5 _ * 

Charge  Weight  _ 5.44 _ Kg 


- ! 

Time 

Min 

Bed 

Off  Gas 

'3 

Temp 

oc#2 

Temp 

oc  #1 

Air 

°2 

Nat.  Gas 

Remarks 

0 

1038 

30 

2.0 

Fine  dust  blown  out  at  start. 

S 

708 

919 

29. S 

1 

2.5 

10 

865 

1040 

28.0 

1 

3.3 

IS 

879 

1041 

28.0 

1 

3.0 

20 

884 

1059 

28.  5 

1 

2.9 

25 

892 

1037 

28. S 

1 

2.8 

30 

954 

1031 

27.3 

2.4 

2.4 

Between  25  and 

32  min  -  the  5  large  pieces 

3S 

1000 

1044 

28. 1 

2.2 

1.7 

broke  up.  Bed  temp  incurred 
140  °C  in  8  minutes. 

40 

1006 

1034 

28.1 

2.2 

1.7 

45 

1013 

1037 

26.1 

2.2 

1.7 

SO 

1014 

1037 

2S.1 

*)  * 
•i  .  - 

1.7 

55 

1018 

1040 

281 

2.2 

I 

1.7 

60 

!  1020 

1 

1041 

28.] 

1 

2 ,! 

1  .7 

Product  Weight 

2.43 

Kg 

Exhaust  Dust  Weight  _ 

0.23 

—  K£ 

Floor  Sweepings 

Kg 

Total  Product  Weight  _ 

2 . 66 

___  Kg 

Observations: 


Small  Batch  Kiln  Test 


Project  Name  IT  Corporation 


Date  January  9,  1985 


Heat  No.  2  (4761-2) 


Kiln  Ret.  Time  60 

mins 

Excess  0^ 

% 

Kiln  Speed  2.8 

rpm 

i  .... - "  — 

Kiln  Temp  at  Time  of  Feed  1038 

°C 

Kiln  Loading  7 

% 

Feed  Moisture  6,5 

% 

Total  Gas  Input  Rate  45 

SCFM 

Charge  Weight  5  * 44 

_Kg 

Time 

Min 

Bed 

Temp 

oc 

Off  Gas 
Temp 

OC 

Process 

Gas  Input  Coma  SCFM 

Air 

°2 

Nat.  Gas 

0 

1040 

39.1 

2.7 

3.2 

5 

693 

894 

37.6 

3.8 

3.6 

36.8 

4.4 

3.8 

10 

882 

1038 

35.3 

4.5 

4.2 

36.4 

4.9 

4.0 

15 

920 

1042 

36.8 

4.4 

3.8 

37.6 

3.8 

3.6 

20 

942 

1039 

38.4 

3.2 

3.4 

25 

985 

1045 

39.1 

2.7 

3.2 

30 

1019 

1040 

39.1 

2.1 

3.0 

35 

1028 

1043 

39.1 

2.1 

3.0 

39.1 

1.8 

2.9 

40 

1034 

1039 

39.1 

1.6 

2.8 

45 

1036 

1043 

39.1 

1.6 

2.8 

SO 

1034 

1037 

39.1 

1.6 

2.8 

55 

1035 

1038 

39.1 

1.6 

2.8 

60 

i 

1039 

1040 

59.3 

1.6 

2.8 

Remarks 


Irregular  bed  action. 


-10  Min  regular  bed  action 
No  large  pieces  (broken) . 


Product  Weight 

2.13 

u 

Exhaust  Dust  Weight 

.34 

_Kg 

Floor  Swoepings 

.06 

Kg 

Total  Product  Weight  __ 

2.53  . 

_  Kg 

Small  Batch  Kiln  Test 


Project  Name  IT  Corporation  Date  January  9,  1985 

Heat  No.  _ 3  (4760-1) 


Kiln  Ret.  Time 

6.0 

mins 

Kiln  Speed 

2.8 

rpo 

Kiln  Loading 

7 

% 

Total  Gas  Input  Rate  32 

SCFM 

Excess  02  _  10 _ % 

Kiln  Temp  at  Time  of  Feed  1038  °C 

Feed  Moisture  1.2 _ % 

Charge  Weight  _ 4.75 _ Kg 


— 

Bed 

Off  Gas 

Process 

Gas  Innut  Como  SCFM 

Temp 

OC 

Temp 

OC 

Air 

°2 

Nat.  Gas 

Remarks 

0 

1038 

25.1 

3.9 

3.0 

Roots  burned  immediately. 

5 

906 

1046 

25.8 

27.3 

3.4 

2.3 

2.8 

2.4 

10 

1010 

1044 

27.3 

2.3 

2.4 

IS 

1025 

1040 

27.3 

2.3 

2.4 

20 

1027 

1040 

27.3 

2.3 

2.4 

25 

1025 

1037 

27.3 

2.3 

2.4 

30 

1026 

1038 

27.3 

2.3 

2.4 

35 

1028 

1038 

27.3 

2.3 

2.4 

40 

1028 

1040 

27.3 

2.3 

2.4 

45 

1029 

1040 

27.3 

^  X 

J 

2.4 

50 

1030 

1038 

27.3 

2.3 

2.4 

55 

1029 

1039 

27.3 

2.3 

2.4 

60 

1028 

1038 

27.3 

2.3 

2.4 

Product  Weight 

3.03 

Kg 

Exhaust  Dust  Weight 

— l-.il 

_ Kg 

Floor  Sweepings 

u 

Total  Product  Weight 

4.43 

—  *8 

Observations: 


Small  Batch  Kiln  Test 


Project  Name  IT  Corporation 

Date 

January 

10,  1985 

Heat  No.  4  (4761-3) 

Kiln  Ret.  Time  60 

mins 

Excess  0, 

10 

% 

Kiln  Speed  2.8 

rpm 

Kiln  Temp  at  Time  of  Feed 

1038  °c 

Kiln  Loading  7 

% 

Feed  Moisture 

6.5 

% 

Total  Gas  Input  Rate  100 

SCFM 

Charge  Weight  __ 

5.44 

Kg 

1 

Process 

Time 

Min 

Bed 

Off  Gas 

1  Gas  Innut  Comp  SCFM 

Temp 

°C 

Temp 

°c 

Air 

°2 

Nat.  Gas 

Remarks 

0 

1038 

85 

7.4 

7.6 

Considerable  dust  blown  out. 

5 

864 

1043 

86 

6.3 

7.2 

87 

5.7 

7 

At  13  Min  Bed  Temp  approach- 

10 

874 

1040 

89 

4.5 

6.6 

ing  Off  Gas. 

15 

931 

1041 

89.6 

3.9 

6.4 

91 

2.9 

6 

20 

1010 

1034 

91 

2.9 

6 

25 

1022 

1040 

91 

2.9 

6 

30 

1015 

1040 

91 

2.9 

6 

35 

1020 

1038 

91 

2.9 

6 

40 

1019 

1040 

91 

2.9 

6 

45 

1021 

1039 

91 

2.9 

6 

50 

1024 

1039 

91 

2.9 

6 

55 

1028 

1043 

91 

2.9 

6 

60 

1029 

1041 

91 

2.9 

6 

Product  Weight  1-77  Kg  Exhaust  Dust  Weight  _ KS 

Floor  Sweepings  _ 0.2S  Kg  Total  Product  Weight _ _ _ ^8 


Observations: 


Small  Batch  Kiln  Test 


Project  Name  IT  Corporation 
H*»nt  Nn.  5  (4760-2)  Sand 


Kiln  Ret.  Time _ _ _  mins 

Kiln  Speed _ ^ _  rpm 

Kiln  Loading _ 7_ _  % 

Total  Gas  Input  Rate  66  SCFM 


January  10,  1985 
Date  _ _ _ 

10 

Excess  O2  _ _ _  % 

1038 

Kiln  Temp  at  Time  of  Feed _ C 

1.2 

Feed  Moisture  * _  % 

Charge  Weight  4'75 _ Kg 


IB 

El 

Bed 

Temp 

oc 

Off  Gas 
Temp 
oc 

Air 

°2 

Nat.  Gas 

Remarks 

0 

56 

4.8 

5 

5 

932 

1012 

57.7 

3.7 

4.6 

992 

1034 

58.5 

3.1 

4.4 

At  10  Min  0.66  Kg  leakage  a 

Kiln  Cover. 

1009 

1030 

58.5 

3.1 

4.4 

20 

1013 

1040 

58.5 

3.1 

4.4 

25 

1016 

1038 

58.5 

3.1 

4.4 

30 

1017 

1040 

58. £ 

3.1 

4.4 

35 

1018 

1040 

58.' 

3.1 

4.4 

1020 

1041 

58.5 

3.1 

4.4 

45 

1018 

1036 

58.5 

3.1 

4.4 

50 

1019 

1039 

58.5 

3.1 

4.4 

55 

1022 

1041 

58.5 

3.1 

4.4 

60 

1021 

1040 

58. S 

3.1 

4.4 

Kiln  Leakage  _ 0,66 _ Kg 

Product  Weight  2.57 _  Kg  Exhaust  Dust  Weight  0.90 _ Kg 

Floor  Sweepings  0.18 _  Kg  Total  Product  Weight  4.31  Kg 

Observations:  _ _____ 
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Small  Batch  Kiln  Test 


Project  Name  IT  Corporation 
Heat  No.  6  (4760-3)  Sand 


Kiln  Ret.  Time 
Kiln  Speed  _ 


60 


2.8 


Kiln  Loading 


Total  Gas  Input  Rate 


100 


mins 

rpm 

% 

SCFM 


Excess  0. 


Date  January  10  ,  1985 


10 


Kiln  Temp  at  Time  of  Feed  1(^38  °C 

Feed  Moisture  1,2 _ % 

Charge  Weight  _ ^.75 _ Kg 


Time 

Min 

Bed 

Temn 

oc 

Off  Gas 
Temp 
oc 

Process 

Gas  InDut  Conro  SCFM 

Air 

°2 

Nat.  Gas 

0 

1038 

91 

6 

87 

7 

5 

993 

1043 

89 

6.6 

10 

1009 

1038 

90.4 

3.4 

6.2 

15 

1017 

1040 

91 

2.9 

6 

20 

1018 

1040 

91 

2.9 

6 

25 

1020 

1039 

91 

2.9 

6 

30 

1019 

1039 

91 

2.9 

6 

35 

1021 

1037 

91 

2.9 

6 

40 

1023 

1040 

91 

2.9 

6 

45 

1021 

1038 

91 

2.9 

6 

50 

1018 

1038 

91 

2.9 

6 

55 

1020 

1038 

91 

2.9 

6 

60 

1021 

1040 

91 

2.9 

6 

Remarks 


Organics  burned  out, 


At  8  Min  Bed  Off  Gas  appro 
aching  line  out  conditions 


Product  Weight 
Floor  Sweepings 
Observations: 


2.84 


Kg 

Kg 


Exhaust  Dust  Weight 
Total  Product  Weight 


1.01 


4.29 


Kg 

Kg 


0.44 


Small  Batch  Kiln  Test 


Date  January  10,  1985 


Kiln  Ret.  Time  60 

mins 

Excess 

10 

_  % 

Kiln  Speed  2,8 

rpm 

Kiln  Temp  at  Time  of  Feed 

_  °C 

Kiln  Loading 

\ 

Feed  Moisture 

6.5 

_  % 

Total  Gas  Input  Rate  66 

SCFM 

Charge  Weight 

5.44 

.  Kg 

Product  Weight  ?no _  Kg  Exhaust  Dust  Weight  0.42  Kg 

Floor  Sweepings  0.09 _  Kg  Total  Product  Weight  2.51  Kg 


Observations: 


Small  Batch  Kiln  Test 


Project  Name 

IT  Corporation 

Heat  No. 

8  (4768-1) 

Kiln  Ret.  Time 

.  60 

mins 

Kiln  Speed 

2.8 

rpm 

Kiln  Loading  _ 

7 

% 

Total  Gas  Input  Rate 


20.0  2.0 

20.0  2.0 


Product  Weight 
Floor  Sweepings 
Observations; 


January  11,  1985 


Excess  GL  _ _ * 

,  1038  o_ 

Kiln  Temp  at  Time  of  Feed _  C 

6.4  - 

Feed  Moisture  _ _  ' 

Charge  Weight  _ 4‘68 _ Kg 


Organics  burning  out. 

3  Min  to  complete.  Bed  more 
free  flowing  at  3  Min  rather 
than  sliding. 

Air  Compressor  off  low  pres¬ 
sure  -  change  to  high  pres¬ 
sure  system  (8  Min  Bed  Temp 
below  expected) . 


3.0 

3.0 

2.6 

2.6 

1.8 

1.8 

1.8 

1.8 


Exhaust  Dust  Weight 
Total  Product  Weight 
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Small  Batch  Kiln  Test 


Project  Name 

IT  Corporation 

Date 

January  11, 

1985 

Heat  No. 

9  (4768-2) 

Kiln  Ret.  Time  60 

mins 

Excess  0^ 

10 

% 

Kiln  Speed 

2.8 

rpm 

4m 

Kiln  Temp  at  Time  of  Feed  1038 

°C 

Kiln  Loading 

7 

% 

Feed  Moisture 

6.4 

% 

Total  Gas  Input  Rate  66 

SCFM 

Charge  Weight 

4.68 

_  K8 

Hj 

Bed 

Temp 

oc 

Process 

Gas  Inout  ComD  SCFM 

' 

Air 

°2 

Nat.  Gas 

Remarks 

0 

1038 

60 

4 

5 

929 

1037 

56 

4.8 

5 

1013 

1037 

1023 

1040 

59.2 

2.6 

4.2 

20 

1021 

1037 

59.2 

2.6 

4.2 

25 

1023 

1038 

59.2 

2.6 

4.2 

30 

1023 

1039 

59.2 

2.6 

4.2 

35 

1024 

1038 

59.2 

2.6 

4.2 

1023 

1037 

59.2 

2.6 

4.2 

45 

1021 

1036 

59.2 

2.6 

4.2 

50 

1026 

1040 

59.2 

2.6 

4.2 

55 

1025 

1039 

59.2 

2.6 

4.2 

1024 

1038 

59. 2 

2.6 

4.2 

Product  Weight 

3.00 

Kg 

Exhaust  Dust  Weight 

0.52 

Kg 

Floor  Sweepings  _ 

0.05 

Kg 

Total  Product  Weight 

3.57 

_ _  Kg 

Observations: 


Small  Batch  Kiln  Test 


Project  Name 

IT  Corporation 

Heat  No. 

10  (4768-3) 

Kiln  Ret.  Tice 

60 

mins 

Kiln  Speed 

2.8 

rpm 

Kiln  Loading 

7 

% 

Total  Gas  Input  Rate  100  SCFM 


Date 

January  11, 

1985 

Excess  0„ 

10 

% 

4- 

Kiln  Temp  at  Time  of  Feed  1038 

_°C 

Feed  Moisture 

6.4 

% 

Charge  Weight 

4.68 

_  Kg 

Bed 

Temp 

oc 

Off  Gas 
Temp 
oc 

Air 

IB 

Nat.  Gas 

Remarks 

1038 

91 

2.9 

6 

Organics  burned  out  within 

2  Min  from  start. 

5 

926 

1020 

10 

1020 

1047 

IS 

1029 

1042 

92 

2.3 

5.8 

20 

1026 

1034 

92 

2.3 

5.8 

25 

1026 

1034 

92 

2.3 

5.8 

30 

1028 

1036 

92 

2.3 

5.8 

35 

1029 

1036 

92 

2.3 

5.8 

40 

1036 

1040 

92 

2.3 

5.8 

45 

1034 

1039 

92 

2.3 

5.8 

50 

1033 

1035 

92 

2.3 

5.8 

55 

1033 

1038 

92 

2.3 

5.8 

60 

1037 

1040 

92 

2.3 

5.8 

Product  Weight  2-60 

Exhaust  Dust  Weight 

0.81 

_*£ 

F loor  Sweepings  8  •  ’ 

H 

Total  Product  Weight  __ 

3.54 

_  Kg 

Small  Batch  Kiln  Test 


n  Proj  ect  Name 

IT  Corporation 

Date  _ 

January  11, 

1985 

il  Heat  No. 

8 

11  (4760-4) 

1  : 

j  Kiln  Ret.  Time 

60 

mins 

Excess  0,, 

10 

_  % 

i j  __  Kiln  Speed _ 

2.8 

rpm 

4m 

Kiln  Temp  at  Time  of  Feed  1038 

_°C 

1  Kiln  Loading 

7 

% 

Feed  Moisture  _ 

1.2 

_  % 

&  Total  Gas  Input  Rate  25 

SCFM 

Charge  Weight 

4.75 

o, 


Product  Weight  3.73 _  Kg  Exhaust  Dust  Weight  0-86 _ Kg 

Floor  Sweepings  0-03 _  Kg  Total  Product  Weight  4,62  Kg 

Observations: 


APPENDIX  B 
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APPENDIX  C 
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LOOSE  BULK  DENSITY  OF  MATERIALS,  lb/Tt3 

As  Received  4761  85.98 
As  Received  4760  80.04 
As  Received  4768  78.92 
Test  1  Product  55.56 
Test  2  Product  54.31 
Test  3  Product  94.28 
Test  4  Product  51.19 
Test  5  Product  92.40 
Test  6  Product  92.40 
Test  7  Product  47.45 
Test  8  Product  84.29 
Test  9  Product  87.41 
Test  10  Product  118.63 
Test  11  Product  93.03 
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APPENDIX  D 
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AS  RECEIVED  SOIL  SCREEN  ANALYSIS 


PERCENTAGE  PASSING 


Screen  Si2e 


Soil  4761 


Soil  4760 


Soil  4768 


2.1 

Inch 

100.00 

1.5 

Inch 

76.59 

1.1 

Inch 

- 

.75 

Inch 

- 

100.00 

.53 

Inch 

74.06 

92.49 

.375  Inch 

68.31 

88.08 

3 

Mesh 

61.69 

85.04 

4 

Mesh 

54.77 

100.00 

72.68 

6 

Mesh 

49.17 

99.96 

64.22 

6 

Mesh 

43.52 

99.90 

56.66 

10 

Mesh 

39.77 

99.84 

56.14 

14 

Mesh 

35.71 

99.60 

54.02 

20 

Mesh 

31.54 

97.57 

51.52 

28 

Mesh 

26.36 

82.92 

47.01 

35 

Meah 

20,90 

51.71 

40.06 

48 

Mesh 

15.67 

22.43 

30.95 

65 

Mesh 

10.71 

6 .97 

17.94 

100 

Meah 

6.94 

2,77 

10.58 

150 

Mesh 

3.62 

1.77 

6.74 

200 

Meah 

1.24 

1.15 

3.67 

Pan 

0 

0 

0 
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SIEVE* MAIN 


=IIEUF*KATN 


00000250  00002450 


SIEVE  ANALYSIS 
MATERIAL 
SUBMITTED  BY 


ALLIS-OHALMERS 


SOIL  4361 
IT  CORP * 

BATCH  KILN  TEST 


TEST  NO .85-003 

A*  AS  PEC.  FEED  SAMPLE 


DATE  1-1.0-85 


■p  =  47  6 

1-1  r  EL  N 

PROD. 

76<T 

/ 

r>  476 

CLs 

l-l  FVHAUST  DU? 

«** 

t 

7£  £7 

/ 

SI  EOF 

SIZE 

% 

M 

P 

c. 

ECU  IN 

AST  n 

PERCE 

NT, 

AGE 

RERCEHTAGE 

PERCENTAGE 

1  .  ilESH 

rt»J-M 

ON  RA 

C  J 

r  ng 

ftH 

PASSING 

OR 

I  PASSING 

2.1 

53000 

0 . 00  t 

00 

.  •'»  *1 

c> . 

00 

100 

,00 

0 

00 

100. 

00 

1.5 

r-  5  or. 

23.41 

— *  * 

.5° 

0  . 

00 

100 

.00 

0 

A  A 

100. 

00 

1  .  1 

n  <  r>  v»  \ 

JO  •H»L* 

0.00 

t\ 

0. 

00 

100 

,  00 

0 

00 

100. 

00 

.  -5 

1  70  00 

0,00 

0 

.  00 

0 . 

00 

too 

,00 

A 

00 

100. 

00 

.53 

1320A 

2  53 

74 

,  **»  A 

1  7  , 

•SI 

87 

.  3® 

0 

00 

100. 

00 

9500 

5 .  ?5 

*  :  l 

c  , 

04 

?« 

.  35 

0 

00 

100. 

00 

M«3 

0  ‘00 

6.6? 

6} 

.  0* 

10. 

?& 

6? 

.  37 

0 

00 

100. 

00 

.1 

4750 

6  .  °3 

54 

.  77 

to, 

09 

53 

■>c 

A 

00 

100. 

00 

6 

3350 

">.60 

49 

•  1  7 

7  . 

5© 

40 

,  73 

n 

w 

33 

97, 

65 

9 

■>7  6  a 

5  .  ©5 

J7 

« 

, 

el 

42 

.12 

A 

Rl 

*6. 

83 

10 

1  700 

3,74 

74 

•** 

6  . 

26 

35 

0 

77 

96. 

06 

s  A 

1180 

4.07 

3  5 

.  7  l 

-7 

29 

29 

.53 

l 

54 

*4  . 

52 

20 

850 

4  1" 

31 

.  54 

4  . 

©r, 

23 

. 9? 

r* 

«*»  ♦» 

5  .> 

89. 

3  7 

'8 

•'»  .»*  > 

5.  IS 

2  f 

?  /* 

7 

RO 

l  7 

12 

13 

14 

**4  .• 

.» e  • 

04 

•«*  %» 

> 

4  j 

3.4  5 

20 

0  i“ 

A 

A  A 

A 

,  A  A 

16 

69 

59 . 

33 

*8 

?  *Vi  « 

5.23 

l  v 

*  I*  ‘ 

A 

A  «* 

A 

.  O'* 

16 

5  6 

42, 

7© 

A  5 

212 

4  ,  $  * 

1  0 

0  • 

A  A 

0 

.  00 

’  6 

*■* 

26 . 

on 

1  r>  A 

1  50 

;  >  - 

t 

.  5  •> 

.\ , 

00 

A 

«  0 

14 

6  3 

1  1  , 

33 

!  50 

1  Of 

3>‘P 

3 

■  -6  T 

A  , 

A  A 

A 

.  00 

•? 

3© 

4  , 

02 

’>Ai> 

2.  ?9 

i 

•  2 

<»  * 

A  A 

A 

.00 

*3 

f  4 

1  . 

45 

2  ‘‘  A 

<** 

* 

»*• .  o  a 

•  * 

0. 

00 

A 

00 

00 

(•  . 

A  A 

iy 5 

-»5 

\  *  » 

»  * 

2, 

.  •••*- 

A  4 

AA 

A 

.00 

A 

A  A 

•  * 

00 

.'.A  A 

7  S' 

*  •  0  A 

a 

>  ■  In 

A  k 

00 

0 

.  00 

.* 

00 

0  . 

0*5 

*  *  L*  V 

7  h 

O  ,  AO 

* 

A  . 

•>0 

A 

A  A 

A 

A  A 

A  A. 

p  A ,J 

i .  2* 

i  • 

«  ** 
i  * 

12 

0 

.00 

1 

4  5 

0. 

r  \ 

90  PCI 

errs  <• 

>00-1.00 

3*5 

1 » 

T  C 

© 

sons- 

■■ : Of  r  . 

7  .V^  c  I  £ 

TO  S-iML 

E;T 

r«ATij|i 

0  . 

6  6  4 

A 

■.:«  gr  t  r 

M  J 

*  *«' 

■nn 

i  i  i 

in 

•  4  44 

M 

!  '-MO A 

TED  ?P.O 

R  .  FOR 

a  A 

1  '0 1  [iv 

* 

V 

,  Art 

0 . 00 

"AIDS 

F*AO  J0> 

a  a 

m 

Hi 

t  #  f 

0 

PERCENTAGE 
ON  PASSING 


«*M1  »  HE  : t*HT  <Lt  ;:-FT»»: 


!  .  920 
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0 , 00 

♦  4  i’  ♦  4  ♦  ♦  ♦  >-  *  4P'»  ■*  '  *  f »  i  V  »  k 


STEVE  ANALYSIS 

MATERIAL  SOIL  4761  ~l 

SUBMITTED  BY  IT  CORF. 

BATCH  KILN  TEST 

TEST  NO, 85-003 


ALL  I 5-CHALMERS 


DATE  1-1 0-85 


100  10  WEIGHT  PASSING  t 

MESH  MU-H  198  6  5  4  :  ?.  IPS  o  5  4  3  2  198  -  5  4  3 

4,2  107MH  7 

A ~  AS  REC.  FEED  SAMPLE 
3,0  75000  7 

47a 1 -i  KILN  PROD. 

7,1  53000  7 

O  4761-1  EXHAUST  DUST 
1.5  37500  4  A 


1 . 1  26500  4 
,75  19000  4 

, 53  13200  C  BA  t 


,375 

9500 

C  BA 

N«-3 

6700 

C  BA 

4 

4750 

C  1 

4 

3350 

C 

1 

3 

2360 

C 

AB 

10 

1700 

C 

AB 

14 

1180 

C 

A  B 

20 

350 

c 

A  B 

600 

c 

A  8 

15 

4  25 

c 

A 

48 

300 

C  M 

65 

712 

100 

150 

150 

106 

200 

75 

270 

325 

400 

53 

45 

38 

500  2  6 

MESH  HU-rt 

1  -A  +  B 
t ^A4&4r 

* 

1*8  6 
'-A  +  C 
8«N  +  ftfD 

5  4  3  2 

7  A  i  D 

9“A  +  C4l« 

l*G  5  5  4  7  *  \ 

4-RK  D-f  4  •• 

A-A  +  Ctt)  -  A  +  ftK  +  D 
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SIEVE  ANAL?  SIS 
■  MATERIAL  SOU.  4 -6  3 

SUBMITTED  BY  IT  COR?:' , 

BOTCH  KILN  TEST  2 

TEST  NO  >  85-G03 


ALLI3-CHALMEPS 


DATE  1-10-85 


A®  AS  PEC i  PEED  SAMPLE 
8 •"  4  761-2  KILN  PROD,  TEST  3 
4761-2  exhaust  dust  rc.-.r  3 


D». 

SIEVE 

SIZE 

M 

R 

C 

D 

rQUIV, 

ASTM 

PERCENT, 

AGE 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

T , MESH 

MU-M 

ON 

PASSING 

ON  PASSING 

ON  PASSING 

ON  PASSING 

2,1 

53000 

0 1 

00 

100 

r. 

t  *.**.* 

0  :  00 

300.00 

0,00 

100.00 

i  ,  5 

77500 

1  7 

m.  ...  » 

41 

**«  / 

>  0 

I3J  g 

0  : 00 

100,00 

0,00 

100.00 

i  i  .1 

2  6  5  0 

0 . 

00 

r 
»  t 

.00 

0.00 

100,00 

0,00 

100.00 

/  S 

L  9000 

0 , 

0  0 

•< 

a  «. 

>  w 

0 , 00 

100.00 

0,00 

100:00 

.53 

•1 r,  a 

2. 

53 

7 1 

.  1  1  , 

7 . 2  5 

92,75 

0,00 

100.00 

.  6  7  5 

9  500 

5, 

7  5 

A  8 

,  7  1 

•  ,84 

84,91 

A,  00 

100,00 

M  ~  3 

670A 

6  ! 

67 

61 

,  69 

10,09 

74.8? 

0,00 

100.00 

A 

4750 

6  > 

■?  7 

54 

•  1 

10,27 

44,54 

0,00 

100,00 

6 

3350 

J  V 

60> 

49 

,  17 

8,3  3 

56,40 

1,60 

98,40 

2  3  6  0 

3, 

63 

47 

.  5  :> 

8.64 

47,76 

1,08 

97,32 

10 

1700 

3  < 

74 

70 

■n  -7 

6  :  S  1 

40,95 

1,22 

96,  10 

L  4 

1130 

4  , 

07 

75 

.U 

6.42 

14,53 

1,20 

92,89 

20 

850 

4, 

17 

3  3 

,  '-4 

7  ♦  r>5 

26,99 

7,60 

85,29 

28 

600 

5, 

18 

26 

,36 

'  ■  34 

19, 45 

3.  2 , 1 8 

73,11 

35 

4  23 

C* 

•J  i 

415 

20 

,  90 

0 , 00 

0,00 

14,31 

58,61 

4  8 

300 

5. 

77 

4,«  » 

13 

•  «•» 

*  0  / 

0  ;  00 

0,00 

1 6 ,  e  0 

42,00 

,  «• 

0,.' 

;  •  3 

4  , 

3  0 

,  71 

0.00 

0,00 

14,95 

25,05 

1, 0  0 

1.50 

•V 

■>  ► 

77 

4 

,94 

a  .  AO 

0,00 

12,76 

12,29 

1.50 

106 

.1 , 

33 

,  62 

A  ,  A  A 

0,00 

6,93 

3,36 

YOO 

'7  O 

*  J 

•j  _ 

38 

1 

,24 

A  ,  AO 

0.00 

1,03 

2,33 

"’0 

5  3 

0. 

00 

0 

,  0" 

0  00 

0,00 

0.0^ 

0,00 

*  -  «• 

‘  .*  J 

45 

0  , 

00 

A 

,00 

0.00 

a,  00 

0,00 

0,00 

400 

33 

0. 

00 

1  ( 

,  00 

0,00 

0,00 

0,00 

0,00 

5*'»0 

2  6 

0  , 

00 

0 

,  00 

0,00 

0,00 

0,00 

0,00 

PAN 

0 

1. , 

74 

0 

,  00 

1.9,43 

0,00 

2,13 

0,00 

80  PCT,  8I2E  < LOG-LOG'  * 

SLOPE  tSOX  SIZE  TO  SMALLEST  DATUM 

SPECIFIC  GRAVITY 

ESTIMATED  3P.0R.  FOR  4 0 %  VOIDS 

VOIDS  FRACTION 

BULK  WEIGHT  aB9'FT**3' 


A  B 

39678,  8060, 

0,664  0,544 

****;***  •+**♦**# 
0,00  0,00 
*•***4**  ******* 
*******  ******* 


C  D 

735, 

1  ,  549 
**##•4 ** 

0.00 

*44**+* 

******* 
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SIEVE  ANALYSIS 
‘MATERIAL  SOIL.  4761 

SUBMITTED  BY  IT  CORP. 

BATCH  KILN  TEST  2 

TEST  NO. 85-003 

100  10  WEIGHT  X  PASSING  1 

MESH  MU-M  198  6543  2  198  6543  2  1 

4.2  107MH  7 

A-  AS  REC.  FEED  SAMPLE 
3.0  75000  7 

6=  4761-2  KILN  PROD. 

2.1  53000  7 

C-  4761-2  EXHAUST  DUST 
1.5  37500  4  A 


ALLIS-CHALMEPS 

DATE  L- 10-85 


L  .  1 

26500 

4 

-itr 
»  /  0 

19000 

4 

.53 

13200 

CB  A 

.375 

9500 

C  B  A 

M-3 

6700 

C  B  A 

4 

4750 

C  BA 

6 

3350 

C  BA 

B 

2360 

C  1 

10 

1700 

C 

1 

14 

1180 

C 

AB 

20 

850 

C 

AD 

29 

600 

c 

A  B 

35 

425 

c 

A 

48 

300 

C  A 

65 

212 

C 

A 

LOO 

150 

r  a 

ISO 

106 

C  A 

200 

75 

C 

270 

325 

00 

53 

45 

30 

500  26 

MESH  rlU-M 
1  =A+B 
?aA  I D+C 

4 

198  6  5 

2  *AfC 
8®A+B+D 

4  3  7 

3A+D 
9=A+C+D 

19B  6  5  4  3  2 

4-BfC  7-~DfD 

o-p+c+D  +  -a+b+c+u 
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STEVE  ANALYSIS 
MATERIAL  SOIL  4760 

SUBMITTED  BY  IT  CORE. 

BATCH  KILN  TEST  3 

TEST  NO. 85-003. 


ALLIS-CHALMERS 


DATE  1-10-85 


h-  AS  REC.  FEED  SAMPLE  DRIED  AT  100  C 
8-  TEST  3  KILN  PROD,  47bo-/ 

C*  TESTS  EXHAUST  DUST  4?io  •/ 

D“ 

SIEVE  SIZE  A  B 


EQUIV, 

ASTM 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

T .MESH 

MU-M 

ON  PASSING 

ON  PASSING 

ON  PASSING 

4 

4730 

0,00 

100.00 

0,00 

100,00 

0.00 

100.00 

6 

3350 

0.04 

99.96 

0,06 

99,94 

0.00 

100.00 

8 

2360 

0,06 

99.90 

0.02 

99.92 

0,00 

100,00 

to- 

t  700 

0 ,06 

99.84 

0,04 

99,87 

O.OA 

100.00 

14 

1180 

0.24 

49,60 

0,26 

99,6? 

0.03 

99.97 

20 

850 

2,03 

97.57 

2,32 

97.30 

0.49 

99.48 

28 

600 

14,65 

82.9? 

14,94 

82 , 36 

9,96 

89.52 

35 

423 

31,21 

51.71 

30,29 

52,07 

38,52 

31.00 

48 

300 

24,28 

22,43 

28 , 85 

23,21 

34,97 

16,03 

65 

212 

15,47 

6,c7 

16,15 

7.07 

12,73 

3,30 

too 

150 

4,20 

2.77 

4,93 

2,14 

2,64 

0 » 66 

150 

106 

1.00 

1,77 

1  . 12 

1 .02 

0,44 

0,22 

200 

75 

0,6? 

1.15 

0.54 

0,48 

0,14 

0,09 

270 

33 

0 , 00 

0.00 

0,00 

0,00 

0,00 

0.00 

325 

43 

0,00 

0,^0 

0.00 

0 , 00 

0 , 00 

0,00 

400 

36 

0,00 

0,00 

0  ■  00 

0,00 

0.00 

0.00 

300 

26 

0,00 

0 .  OO 

0,00 

0,00 

0,00 

0,00 

PAN 

0 

1,15 

0 , 00 

0,48 

A  A  A 

V  >  vv 

0,09 

• 

0,00 

80  PCT ,  SIZE  (LOG-LOG )  » 

SLOPE  >30/!  SIZE  TO  SMALLEST 

DATUM 

M 

584, 

2,064  2 

b 

***£•* 

m  /  * 

i .  i  i? 

1  i  M 

PERCENTAGE 
ON  PASSING 


SPECIFIC  GRAVITY 

ESTIMATED  3F.GP.  FOR  4 r-\  U0JD3 

VOIDS  FRACTION 

BULK  HEIGHT  •'  LB3/Fm3  • 


C 

360  * 
2.901 

i  i  *  $  $  $  $  i  i  4  i  i  i  i  m  *  $  ♦  T 
0 ,00  0 . 00  0,00 

♦  *  *  ♦  i  1 1  t  t  t  i  *  t  * .  t  ♦  t  *  t  *  f 

mm*  mm*  *mm 
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SIEVE  ANALYSIS  ALL  1 3-CHALMERS 

MATERIAL  SOIL  4760 

SUBMITTED  BY  IT  CORF', 

BATCH  KILN  TEST  3 

TEST  NO. 85-003  DATE  1-10-33 

A*  AS  REC,  FEED  SAMPLE  DRIED  AT  100  C 
B*  TEST  1  KILN  PROD,  47&o-/ 

C-  TEST  1  EXHAUST  DUST  4760-/ 

100  ‘  10  WEIGHT  %  PASSING  1 


MESH 

.53 

HU-M 

13200 

198  6  3 

*■* 

/ 

432  193  6 

3  4  3  2 

198 

,375 

9500 

—» 

/ 

M-3 

6700 

/ 

A 

4750 

— * 

/ 

6 

3350 

Cl 

8 

2360 

Cl 

10 

1700 

Cl 

14 

1180 

7 

30 

850 

7 

18 

600 

7 

35 

425 

7 

48 

300 

BA  C 

65 

212 

1 

C 

too 

150 

A  B 

150 

106 

♦  ft 

200 

75 

A 

270 

125 

400 

33 

45 

38 

500  26 

MESH  MU-M 

3  s-A  +  B 

?*Amc 

* 

198  6  3 

2-A6C 

S-A+6+0 

4  3  *»  *98  6 

3-A  +  D  4  -FirC 

9-A+C+O  A-B+C+O 

**>4  3  2 

"'-BAD 
» *At  RtC  +  D 

l»r 
A  —  C  +  f • 
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ALLIS-CHALMERS 


SIEVE  ANALYSIS 
MATERIAL  SOIL  4761 

SUBMITTED  BY  IT  CORF1, 

BATCH  KILN  TEST  4 
TEST  NO. 85-003  DATE  1-10-85 

A*  AS  REC.  FEED  SAMPLE 
B*  4761-3  KILN  PROD.  TCST  4 
C-  4761-3  EXHAUST  DUST  TfVT  4 


D* 

SIEVE  SIZE 

A 

B 

C 

D 

EGUIV,  ASTM 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

f ♦ MESH  MU-M  ON  PASSING  ON  PASSING  ON  PASSING  ON  PASSING 

2.1  53000  O.Ort  100.00  0,00  100.00  0,00  100.00 

1.5  37500  23,41  76,59  0,00  100.00  0,00  100.00 

1.1  26500  O.OA  0.00  0,00  106.00  0,00  100,00 

.75  19000  0.00  0.00  0,00  100.00  0.00  100.00 


.53 

13200 

2.53 

74,06 

4.76 

93,24 

0,00 

100.00 

,  3?3 

°500 

5 , 75 

68.31 

9.24 

86.00 

0,00 

100,00 

M  =  3 

6700 

6,6  2 

61,69 

14,39 

71.60 

0.00 

100,00 

4 

4750 

6.92 

54,77 

14.45 

57,15 

0.00 

100.00 

6 

3330 

5. 60 

49.17 

9.07 

48.08 

7.81 

92.19 

8 

2360 

5,63 

43,32 

10.08 

38.00 

4,02 

88.18 

10 

1700 

3,74 

39.77 

7.37 

30.63 

3.93 

84.25 

14 

1180 

4,07 

33.71 

6.78 

23,85 

5,04 

79.21 

20 

850 

4.17 

31.54 

7,12 

16,73 

5,39 

73.82 

>8 

600 

5,18 

26,36 

7.42 

9,31 

7,37 

66.45 

35 

423 

3.45 

70.90 

0,00 

0.00 

11,18 

55,26 

48 

300 

5,23 

13,67 

0,00 

0,00 

15,80 

39.47 

65 

212 

4,96 

10, 71 

0,00 

0.00 

18.56 

20.91 

too 

ISO 

3,77 

6.94 

0.00 

0,00 

11,69 

9,22 

150 

106 

3.37 

3,62 

0,00 

0,00 

5.37 

3.90 

200 

75 

2,38 

1,24 

0,00 

0,00 

2,31 

1  ,60 

270 

33 

0.00 

0,00 

0,00 

0.00 

0,00 

0,00 

325 

45 

0.00 

0.00 

A,  00 

0,00 

0,00 

0,00 

4 ''0 

38 

0,00 

0 , 00 

0.00 

0,00 

0,00 

0.00 

500 

2t> 

0 . 00 

0,00 

0 . 00 

0,00 

0,00 

0,00 

PAN 

0 

1 . 74 

0,00 

9.31 

0.00 

1,60 

A 

0.00 

B 

C 

80  PC T .  SIZE  (1 

.00-1  no  \  ■ 

39678, 

8277. 

1752. 

SLOPE»60%  SIZE  TO  SMALLEST 
SPECIFIC  GRAVITY 

DATUM 

0. 

*m 

664  0,820  1,390 

m  *******  ******* 

ESTIMATED  SP.GR.  FOR 
VOIDS  FRACTION 

40%  VOIDS 

0,00  0,00  0,00 
*******  *******  ******* 

BULK  UEIGHT  ‘LDS/FT**3>  *******  mm*  ******* 
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SIEVE  ANALYSIS 
MATERIAL  SOIL  4761 

SUBMITTED  BY  IT  CORP, 

BATCH  KILN  TEST  4- 

TEST  NO .85-003 


ALLIS-CHALMERS 


DATE  1-10-85 


100 

MESH  MU-M  198  654  3 

4.2  107MH  7 

A=  AS  REC.  FEED  SAMPLE 
3.0  75000  7 

B=  4761-3  KILN  PROD. 

2.1  53000  7 

C=  4761-3  EXHAUST  DUST 
1.5  37500  4  A 

1.1  26500  4 

,75  19000  4 
,53  13200  CB  A 
,375  9500  C  B  A 
M»3  6700  C  BA 


4  4750  C  1 


6 

3350 

C 

1 

8 

2360 

C 

A  B 

to 

1700 

C 

A 

B 

14 

1 180 

C 

A 

B 

20 

850 

C 

A  B 

28 

600 

c 

A 

35 

425 

C 

A 

48 

300 

e 

A 

65 

212 

r 

100 

ISO 

150 

106 

200 

75 

270 

53 

325 

45 

400 

38 

500 

26 

* 

MESH 

MU-M 

198 

6  5  4 

3  2 

l-A+B  2«A+C  7-A+D 

7*A4B4C  8aA+B  +  D  «-A+r+ti 


10  WEIGHT  %  PASSING  1 
19B  6543  2  198  654 


B 


C  A 


CA 


198  6  j  J  7  2  L?8  654 

4  =  P+C  5-p+r*  6-<*fD 

A-B+C+O  *-»A4eK  +  0 


* 
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10  10 


ALUS-CHALHERS 


SIEVE  ANALYSIS 
MATERIAL  SOIL  47A0 

SUBMITTED  BY  IT  CORF'. 

BATCH  KILN  TEST  5 
TEST  NO. 85-003  BATE  1-10-85 

4  =  AS  REC ♦  PEED  SAMPLE  BRIED  AT  1.00  C 
ft*  TEST  5  KILN  PROD.  4760-2 
f>  TEST  5  EYHAIJST  BUST  47ia*2  . 

If- 


SIEVE 

SIZE 

t 

H 

B 

c  0 

EQUIU . 

A  STM 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE  PERCENTAGE 

T .MESH 

MIJ-M 

ON  P 

ASSING 

ON  PASSING 

ON  PASSING  ON  PASSING 

4 

4  750 

0.00 

1 00 , 00 

0.00 

300.00 

0.00 

300,00 

4 

3350 

0.04 

9«,9A 

0  ■  00 

100.00 

0.00 

100.00 

& 

2340 

0*04 

99,90 

0 , 04 

99  •  94 

0.00 

100,00 

iO 

t?oo 

0.04 

99.84 

0.06 

99,8° 

0,04 

99,96 

14 

1 1  go 

0 . 74 

99,  AO 

0.17 

99.72 

0,09 

99.8’ 

•>o 

350 

7.03 

e?,|i7 

t .  f50 

98.22 

1,82 

98.05 

400 

14,45 

82.97 

9,80 

88.42 

18,33 

79.72 

?5 

4  25 

71.21 

r.t  .  71 

27.17 

61.25 

3?.  14 

42.56 

48 

300 

29.  2P 

22.43 

34,97 

26,28 

24.33 

18.02 

45 

212 

15. 4? 

4.9? 

19.15 

7,13 

12,27 

5.76 

100 

150 

4 . 20 

■>,•?*? 

5.35 

1  .’B 

4.34 

1.42 

150 

106 

t  .00 

1,77 

1.00 

0.78 

0,93 

0.49 

200 

’5 

0.62 

1,15 

0,45 

0,73 

0.22 

0,27 

T;,o 

53 

0,00 

0,00 

0,00 

0.00 

0.00 

0.00 

335 

45 

0.00 

0,00 

0.00 

0.00 

0,00 

0,00 

400 

36 

0 . 00 

0,00 

0,00 

0.00 

0.00 

0,00 

500 

24 

o,00 

0,00 

0,00 

0.00 

0,00 

0,00 

PAN 

0 

1,15 

o.OO 

0,33 

0.00 

0,27 

0,00 

A 

8  C  D  ‘ 

HO  PCT 

.  SUE 

aOO-LOQ)  ■= 

584 , 

544 ,  404, 

SLOPE* ftOK  SIZE  TO  SMALLEST 

DATUM 

2.044 

2. ’59  2.73’ 

SPEC  IP IC  GRAVITY 

t***t*s  tttftttt 

ESTIMATED  SR 

.OR.  FOR 

40\‘  VOIDS 

0,00 

0,00  0.00 

NO  IDS 

FRACTION 

*******  *******  ******* 

BULK  WEIGHT 

(LRSYFmS' 

»♦> 

*•***»  *•*•*•**•**  tun** 
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STEVF  ANALYSIS 
MATERIAL  SOIL  4760 

SUBMITTED  BY  IT  CORP  , 

BATCH  KILN  TEST  5 

TEST  NO. 85-003 


ALLIS-CHALMEES 


DATE  1-10-85 


A-  AS  REC,  FEED  SAMPLE  DRIED  AT  100  C 
9=  TEST  5  KILN  PROD,  47 6o*2 
C=  TEST  5  EXHAUST  DUST.  4760*2 

100  .  10  HEIGHT  *6  PASSING  1 

MESH  MU-M  198  604  3  P  198  6  5  4  7  2  198  6  3  4  3 

.53  13200  7  i 


.375 

9500 

7 

N=3 

6700 

7 

4 

4750 

> 

A 

3350 

4A 

8 

2360 

Cl 

to 

1700 

7 

14 

1180 

7 

20 

850 

7 

28 

600 

1C 

35 

425 

B  A 

C 

48 

300 

8  A  C 

AS 

212 

4  C 

too 

ISO 

A  SC 

ISO 

106 

A  8 

200 

75 

A 

270 

325 

•*00 

S3 

45 

38 

500  26 

MESH  MU-M 

1  *A+B 
7“A+B+C 

♦ 

198  6  5 

2«A*C 

S^A+B+D 

4  3  2 

7-A4D 
9jA+C+D 

198  A  5  4  V  2  l«8 

4~f»fC  5-R+D  6-r  +  D 

0^B+C4D  +-A+R+r+rt 

B  C 


* 

•*  3  7 


16? 
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SIEVE  ANALYSIS  ALLIS-CHALMERS 

MATERIAL  SOIL  4760 

SUBMITTED  BY  IT  CORF'. 

BATCH  KILN  TEST  6 

TEST  NO. 85-003  DATE  1-10-85 


A*  AS  PEC.  FEED  SAMPLE  DRIED 

AT  100 

c 

8*  TEST 

6  KILN  PROD. 

4760  - 

3 

C*  TEST 

ft. ts 

6  EXHAUST  DUST  4-740. 

3 

SIEVE 

SIZE 

A 

B 

c 

D 

EQUIV ! 

ASTM 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

T  *  MESH 

MU-M 

ON  PASSING 

ON  PASSING 

ON  1 

PASSING 

ON 

PASSING 

4 

4730 

0.00 

1 AO, Oft 

0  •  00 

100,00 

0,00 

100.00 

a 

3350 

0.04 

99  >*6 

0,03 

99,97 

0.00 

100.00 

8 

2360 

0.06 

?9,<9r . 

0.03 

99,95 

0.00 

100,00 

to 

1700 

0.06 

99,84 

0.03 

99,92 

0,06 

99,92 

14 

1180 

0,24 

9  9 , 4  A 

0.16 

99.76 

0.16 

99,76 

30 

850 

2.03 

-'7,39 

1 , 90 

97  ,  «?9 

1  ,  53 

98.20 

28 

600 

14.63 

82.«.7 

15,09 

82,90 

8,61 

89,60 

35 

425 

31.21 

31.71 

34  ,  te 

48.72 

21,91 

47,69 

48 

300 

29 , 28 

22  43 

30.«1 

17,81 

31.33 

36.35 

-i5 

2t  2 

13.4? 

6,®7 

13.60 

4.21 

24,89 

11.46 

J  00 

130 

4  <  70 

2 . 

3 , 26 

0.95 

8,6« 

2,37 

t  50 

tO  6 

l  .00 

I.7V 

0,58 

0,3? 

2 , 00 

0.57 

200 

r* 

* 

0,67 

1,15 

0,21 

0,16 

0.43 

0.12 

* 

C"-'0 

53 

0.00 

0 . 00 

0,00 

0 . 00 

0,00 

0,00 

325 

45 

0 . 

,  i\r, 

0,00 

0 . 00 

0.00 

0.00 

4  00 

38 

0.00 

0.00 

0.00 

A,  00 

0,00 

0,00 

500 

26 

0 . 6  a 

r.,C>o 

o.oo 

0 , 00 

0,00 

0.00 

RAN 

0 

1.15 

0.00 

0-16 

0,00 

0.12 

A,  00 

A 

B 

C 

D 

80  PCT . 

SIZE 

(LOG-LOG  ‘  - 

334, 

586, 

522. 

slope  t  so*:  s  n 

E  TO  SMALLEST  DATUM 

2,044 

3.029 

3.341 

SPECIFIC  GRAVITY  *******  *******  ******* 
ESTIMATED  $P, GR ,  FOR  40£  VOIDS  O.O*  0.00  0.00 
i'OIt'S  FRACTION  MM*  *******  ******* 
BULK  WEIGHT  (LBS /FT 4 *3  •  *******  *******  ******* 


ALLIS-CHALMERS 


•SIEVE  ANALYSIS 
MATERIAL  SOIL  4760 

SUBMITTED  BY  IT  CORF, 

BATCH  KILN  TEST  4 
TEST  HO » 85-003  DATE  t-10-55 


A-  AS  REC,  FEED  SAMPLE  DRIED  AT  100  C 


B  = 

TEST 

6  KILN 

PROD.  4760-3 

C*» 

TEST 

6  EXHAUST  DUST,  47&0  -3 

too 

10 

WEIGHT  X  PASSING 

1 

MESH 

MU-M 

198  6 

5  4  3  2  198 

6  5  4  2 

198 

.53 

13200 

7 

>375 

9500 

M=3 

6700 

>-* 

A 

4750 

7 

6 

3350 

Cl 

8 

2360 

Cl 

to 

1700 

7 

14 

1180 

? 

20 

850 

7 

28 

600 

7 

35 

425 

C 

l 

48 

300 

C  A  B 

65 

212 

C 

A  B 

too 

150 

B 

150 

106 

» 

200 

A 

2?0 

53 

325 

45 

400 

38 

300 

26 

* 

MESH 

MU-M 

198  6 

5432  l»8 

6  5  4  1 

1  -A+B 

2-A+C 

3-A  +  D  4-BH' 

"-B-Hi  6-C 

M* 

T^A+B+C  8“A+B+B  9«A+t+D  -VB4-C  +  D  4~A*B*r  +  t> 
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ALLIS-CHALMERS 


SIEVE  ANALYSIS 
MATERIAL  SOIL  4761 

SUBMITTED  BY  IT  CORF’. 

BATCH  KILN  TEST  7 
TEST  NO. 85-003  DATE  1-10-85 


A*  AS  REC.  FEED  SAMPLE 
B*  4761-4  KILN  PROD s  TEST  7 
C-  4761-4  EXHAUST  DUST  TEST  ?’ 


n- 

SIEVE  SIZE  A  B  C  D 

EGUIV.  ASTi-1  PERCENTAGE  PERCENTAGE  PERCENTAGE  PERCENTAGE 
T.MESH  MU-M  ON  PASSING  ON  PASSING  ON  PASSING  OH  PASSING 


2,1 

53000 

0.00 

100,00 

0 , 00 

1.5 

37500 

23.41 

76,59 

0,00 

1,1 

26500 

0 , 00 

0 « 00 

0 . 00 

,75 

19000 

0.00 

0.00 

0,00 

.  53 

13200 

2,53 

’4 , 06 

6,17 

,375 

«500 

5,75 

68.31 

10,14 

M=3 

6  700 

6  >  62 

61,69 

13.77 

4 

4750 

6,92 

54,7’ 

13,46 

6 

3350 

3,60 

49,17 

8.82 

a 

2  360 

5.65 

43,52 

8,48 

10 

1700 

*i.  ’4 

39 . 77 

6,4’ 

14 

1130 

4,07 

35,71 

5 , 54 

20 

ar-A 

4,1.’ 

31  .54 

6  >  0 1 

.;8 

600 

5.18 

76.36 

A  .  ?? 

35 

4  25 

5,  45 

r»Ar  <VA 

o ,  00 

48 

3  00 

5.23 

15.6’ 

0,00 

65 

2P 

4.96 

10.75 

0,00 

100 

150 

3,7’ 

6,94 

0 , 00 

150 

106 

3.37 

3,67 

0 , 00 

700 

75 

2 . 38 

l  .24 

0.00 

270 

53 

0 , 00 

0,oo 

0,00 

335 

45 

0.00 

0.00 

0.00 

400 

38 

0.00 

0* « 

0.00 

*•;  t\  .*> 

26 

0 , 00 

0.00 

0 . 00 

RAN 

A 

1  24 

0 . 00 

14.82 

30  prT.  SIZE  'LOO-LOO1  * 
810RF«80%  SIZE  TO  SHALLEST  DATUM 
SPECIF  If.  GR.V*IT, 

‘‘i.’! HATED  SP-OK  FOR  '=0108 

UAH'S  FRACTION 

ci«U  VMOHT  •  LtS  ’  FI  *  *’  » 


100.00  0 i 00  100*00 

100-00  0.00  100,00 

100*00  0,00  100.00 

100,00  0.00  100,00 

93,87  0,00  100,00 

83,73  0.00  100,00 

70,36  0,00  100,00 

56,90  0.00  100.00 

48,08  1,77  98,23 

39,61  3*43  94,81 

33,13  5,30  89.50 

27,60  6,63  82,87 

21,59  6,08  76*80 

14.82  8.18  68,62 

0.00  12,27  56.35 

0,00  16,46  39,89 

0.00  18,90  20.99 

0.00  13.70  ’,29 

0.00  5.19  2,10 

0,00  1.44  0.66 

0,00  0.00  0,00 

0,00  0.00  0,00 

0.00  0,00  0,00 

0.00  0.00  0,00 

0.00  0,66  0.00 

A  BCD 

39678 ,  9670,  1014. 

0.664  * , *31  ! , 94 1 

»»»»♦»»  %rnm 

0,00  0  00  0,00 

i  *  it*-;*  mm*  m,m 

unm  ttttit*  mum 
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STEVE  ANALYSIS 
MATERIAL  SOIL  4761 

SUBMITTED  BY  IT  CORP. 

BATCH  KILN  TEST 

TEST  NO, 85-003 

100 

MESH  MU-M  198  6  5  4  3  2 

4,2  107MH  7 

A-  AS  REC,  FEED  SAMPLE 
3,0  75000  7 

B-  4761-4  KILN  PROD.  TEST  7 


2,1 

53000  7 

C  = 

4761-4  EXHAUST 

DUST  TEST  7 

L  .5 

37500  4  A 

t  .1 

26500  4 

.75 

19000  4 

53 

13200  CB  A 

r  ■■  J 

:  VJOO  C  B  A 

M  =  3 

6700  C  BA 

4 

4*?50  C  1 

6 

3350  C  1 

8 

2360  C  AB 

10 

1 700  C 

A  B 

14 

ItflO  C 

A  8 

70 

850  C 

A  B 

*8 

600 

A  B 

15 

425  C 

M 

48 

100 

C  A 

65 

212 

c 

100 

150 

150 

106 

700 

75 

770 

53 

335 

«» 5 

400 

38 

500 

26  * 

HFSH  MU-H  198  65 

4  3  2 

l=A+8  ?-*A+C 

3-A  +  r^ 

7«A4B4C  8«A+B+D 

5? 

■ALLIS 


7 

HATE  l - ! 0 ~ 

tO  WEIGHT  %  PASSING  = 
t«8  6  5  4  3  2  1 


c 


!  or  i  r  j  7  *  4 

J-C  a  -CH* 

*171  "ID 
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85 

5  4  3 


ANALYSIS  ALLIS-CHALMERS 

MATERIAL  SOU  4’&8 

SUBMITTED  BY  IT  CQPP  . 

BATCH  KILN  TEST  £ 

TEST  NO. 85-003  BATE  l-tt-85 


A»  AS  PEC.  FEED  SAMPLE  DRIED  AT  100  Q 
K*  4’68-t  TEST  S  KILN  PROD. 

C-  47-68- 1  TEST  8  EXHAUST  DUST 
fu 

SlfUE  SITE  A  B  C  0 

E(U<U'  ASTH  REPCt-r-  :  AOF  PERCENTAGE  PERCENTAGE  PERCENTAGE 
T.AESH  HU-M  ON  PASSING  OH  PASSING  ON  PASSING  oh  PASSING 


•  «•* 

*  J 

j  < >000 

0.00  I 

100 , 00 

A  .  Art 

100.00 

0.00 

100.00 

.53 

11206 

7.51 

■«2.4« 

i  .80 

88.11 

0,00 

1 00 . 00 

.  7?r» 

9500 

4. 4t 

fa.  op 

2.48 

95.44 

0 . 00 

i  0  0  >  0  0 

M*3 

e  700 

3.04 

65.04 

7.81 

92*04 

0,00 

100,00 

4 

4  *  5  0 

1  *  ,  3<* 

■*?  ,  AR 

1 1 .  « 

30.21 

0.00 

100.00 

8 

3350 

« . J  8 

84.22 

10  «»3 

K9.79 

2,83 

77,1“ 

t* 

53  ?0 

v*  *»» 

*  *  «  J  0* 

T'fl.RA 

R,  JC 

ol  .40 

l  tyr- 

95,48 

•o 

I  7  0-> 

2.52 

54  .  !  4 

I.94. 

57,44 

1,21 

94.26 

14 

1  5  Gf> 

:•!  7 

S4 . 07 

3  :•* 

34  .  I  S 

1 .  o? 

Y? .  65 

*v 

850 

2.50 

51  .52 

3  .11 

50. 8  t 

2,1-4 

tA  ,  J  1 

'M* 

i  00 

4,51 

4  •  ,  A 1 

0.53 

45.15 

5  - ;?,? 

84 ,4© 

'*5 

•US 

6,<>5 

J  0 .  a  4 

8,01 

37,13 

a  .63 

71.66 

4U 

3 '*-0 

'•Ml 

30.  a'“ 

}A  .  *3 

2s.  po 

15*27 

57.5© 

4  5 

312 

13.01 

P  .04 

12.5c 

13.14 

21,54 

35.06 

]  Art 

1  5  A 

7,37 

>  0 ,  r*s 

7. 7© 

<* 

*)  *  / 

17,53 

17,51 

•  So 

1  *'6 

3.84 

:  • 

3.73 

1.8? 

1 0 . 50 

7,01 

•"•Art 

**  »<■ 

*8  A  A 

?.  *7 

1,44 

0.3-7 

6,54 

0.48 

5  V 

A,  00 

*> .  00 

0 . 00 

0 . 00 

A  An 

A  .  00 

325 

0  OO 

*  ~ 

A  ,  00 

0.00 

0,00 

0,00 

■>  00 

H 

0 . 00 

*  +  <% 

» *  <  v  *. 

A  <  A£* 

A .  00 

,  A  A 

0 , 00 

500 

0,0  A 

4  I  ,  »\u 

0 . 00 

0,00 

0.00 

PAN 

A 

Y.U 

0  ,  A.) 

•*  3  • 

A  ,  00 

0.48 

0.00 

B  C 

00  PCI  .  sun" 

< LOO-LOG  -  . 

5862, 

4739.  528 . 

SLOPE 

HP  EC  t 

»0*i  M|-r  TO  5N 

r- rc  opacity 

AU  ESI 

DATUM 

0. 

.♦m 

707  3.296  2.6! 6 

m  UMIH  MJUM 

f  ST  I  HATED  SF.er-  POP 
"|.«IPS  F PACTION 

j  .*.♦•  »> 

UD? 

A  ,  Art 

'»*»«**«  M 

0 , 00  0 . 00 

♦  ♦'ft#  *  *  »  %  J »  3 

BULK 

HEIGHT 

tlPSypt? 

*?\ 

*******  *« 

T*4**  9  4*441* 
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SIEVE  ANALYSIS  ALL  I  S-CHALMEP 

MATERIAL  SOIL  4?c3 

SUBMITTED  BY  IT  CORE, 

BATCH  KILN  test  <S 

TEST  NO ,85-003  DATE  l-U-35 

A«  AS  REC i  FEED  SAMPLE  DRIED  AT  100  C 
8*  4768- t  TEST  8  KILN  PROD 
C»  4768-1  TEST  P  EXHAUST  DUST 

100  to  HEIGHT  X  PASSING  l 


MESH 

.75 

MU-M 

19000 

198  6  5 

4  3  * 

19ft  654  7 

.53 

13200 

Cl 

,375 

9500 

CBA 

H«3 

6700 

CBA 

4 

4750 

C  BA 

6 

3350 

C  BA 

8 

2360 

C  BA 

10 

1 700 

C  l 

14 

1180 

C  1 

TO 

850 

C  1 

28 

800 

c 

1 

'« 

425 

c 

AD 

48 

300 

c 

AD 

65 

2 1  *> 

C  H 

P 

too 

ISO 

r 

A  D 

ISO 

106 

300 

T5 

* 

M 

770 

335 

4A0 

S3 

45 

76 

500  76 

H?$H  HU-H 
!  aA4ft 

1 

1*8  6  5 

2-AfC 

8*A4P+0 

4  7  2 

7  “  A  4  (• 
»*i4C4r' 

;?§  *  r  .1  7 

4  f+r 

*)  fit  f{  -f  *  £  1  4  •  ji  ^  J*.  4  l' 

173 


ALL1S-CHALHERS 


SIEVE  ANALYSIS 
MATERIAL  SOIL  4768 

SUBMITTED  BY  IT  CORF, 

BATCH  KILN  TEST  ? 

TEST  HO ♦85-003  BATE  1 - i 1-35 

A-  AS  REC ,  FEED  SAMPLE  DRIED  AT  1 00  C 
B~  4768-2  TEST  9  KILN  PROD. 

»  4768-2  TEST  9  EXHAUST  DUST 
H- 

81  EVE  SITE  A  B  C  D 

ECU IV .  ASTH  PERCENTAGE  PERCENTAGE  PERCENTAGE  PERCENTAGE 


>  MESH 

iilJ-M 

ON  P 

A  SSI N G 

ON 

•?*=; 

1  9000 

0,00 

100,00 

0,00 

it  7 

4  -J  .*V 

:  iivv 

7,31 

°2 ,4® 

0.94 

,273 

Of,  00 

4,41 

88,08 

0.66 

i-i-  : 

6  7  0  0 

7,04 

85,04 

2,39 

4 

4750 

12  ;  36 

72,68 

1,7.23 

3  3  So 

8 . 46 

64,22 

12,62 

Q 

2360 

•  J  *  If  n 

\  i  £»  v  A 

3,72 

1  0 

1.700 

n  kj 

A.  >  xj  «1. 

5  6,14 

4:36 

14 

3  180 

2 , 1 7 

54,07 

3  :  36 

20 

850 

2,50 

51  .52 

3,76 

28 

600 

4,51 

47.01, 

6,93 

25 

4  2  5 

6,95 

4  0 , 0  6 

.10,11 

48 

300 

9,11. 

30 ,  *5 

11.62 

65 

212 

13,01 

17,94 

12,74 

100 

130 

7,37 

10,38 

5,«8 

150 

1 06 

3.84 

6,74 

1,68 

200 

73 

3,06 

3,67 

0.37 

53 

0,00 

0 , 0  0 

0,00 

~z  o  s 

4  5 

A ,  00 

0 , 00 

0 , 00 

'•>  o  o 

38 

0 ,  oo 

0.66 

0 . 0  0 

5  0  0 

n  /. 

0, 00 

0  <  00 

0 , 00 

PAN 

o 

3,0/ 

0.00 

0,26 

80  PCT ,  SITE  (LOG-LOG)  - 

SLOPE f80X  SIZE  TO  SMALLEST  DATUM 

SPECIFIC  GRAVITY 

ESTIMATED  SP.0R.  FOR  4 OX  I'OIDS 

VOIDS  FRACTION 

BULK  WEIGHT  (I.PS/FT**3  '• 


J ASS IMG  ON  PASSING  OH  PASSING 

100.00  0.00  100.00 

99.06  0.00  100.00 

93.40  0.00  100.00 

90,81  0.00  100,00 

83.08  0,00  100.00 

69,91  2.16  9^,84 

61.20  1.23  96.56 

06,84  1,28  95,28 

53.48  2,08  93.19 

49.72  2,68  90,52 

42,76  4.11  86.41 

32.65  5,37  81,04 

21.03  10.71  70,33 

8,29  29,38  40,95 

2.31  20.99  19.96 

0,63  12,6?  7.26 

0.26  5.33  1.41 

0,00  a.  oo  v.  ,00 

0.00  0,00  0.00 

0,00  0,00  0,00 

0.00  0,00  0,00 

0,00  1,41  0,00 

A  B  C  D 

5862,  4364,  412, 

0,707  1,413  2,36? 

*******  *******  ******* 

0,00  0,00  0.00 

* *  *  *  *  * *  *  * ****  *  *  *  *  *  *  *  * 

*******  *******  ******* 
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SIEVE  ANALYSTS 
MATERIAL 
SUBMITTED  BY 


ALLIS-CHALMERS 


SOIL  476  8 
IT  CORF'. 

BATCH  KILN  TEST  *} 

TEST  NO. 85-003  DATE  1-11-85 

A ***  AS  REC.  FEED  SAMPLE  DRIED  AT  100  C 
6-  47*8-?  TEST  9  KILN  PROD, 

C*  4768-2  TEST  9  EXHAUST  DUST 

100  to  WEIGHT  V  PASSING  1  ,2 

MESH  MU-M  198  6  5  4  3  2  1 98  6  5  4  3  2  198  6  5  4  3  2 

,75  19000  7 

,53  13200  Cl  * 

,  375  9500  CD A 


6  7  00 


CBA 


4 

4  750 

C  B 

jA 

M 

<:> 

:  350 

C 

BA 

8 

2360 

C 

BA 

1 0 

1700 

c 

1 

1.4 

t  180 

c 

L 

7  0 

850 

c 

1 

?  S 

/  r.  n 

c  v 

c 

AB 

35 

4  25 

( 

A 

4  8 

300 

r 

4  5 

2  1 2 

c 

!  0  0 

150 

150 

1 0  6 

•  }  A( 

v  5 

3  7  0 

53 

3  2  5 

4  5 

400 

38 

B 


B 


500  26 

MESH  MlJ-M 
1  s'VFi 

•  ~a+b  >•." 


* 

198  6  5 

2  -  A + C 
S-A+B+B 


4  7  2 

7-ATD 
0  -  A  +  0  +  D 


198  6  3  4  3  2  198  6  5  4  7 

4-B  +  C  3-B  +  P  6-C+D 

O-R+C+D  +-A+8+C+0 


t 


t ' 

0 

|  -  SIEVE$MAIN 

n 

{' 

p 

SIEVE! HA  IN 

»  n 

00000250  00002430 

P 

ft 

| 

S  sieve 

ANALYSIS 

ALLIB-CHALMERS 

s  MATERIAL 

SOIL 

476r 

|  SUBMITTED  BY 

IT  CQRP, 

BATCH 

KILN  TEST  /O 

j  TEST  NO. 83-00 • 

J 

DATE  1 

-1 1-85 

;  M-:  AS 

REC.  FEED  SAMPLE  DRIED  AT  100 

C 

B*  4768-3  TEST  10  KILN  PROD, 

[  O  476H-3  TEST  10  EXHAUST  OUST 

Vt  .. 

1  '  SIEVE 

SIZE 

* 

M 

B 

C 

D 

r  EQUIV. 

AST  M 

PERCENTAGE  PERCENTAGE 

PERCENTAGE 

PERCENTAGE 

T ,  MESH 

MU-M 

ON  PASSING  DM  PASSING 

OH  PASSING 

ON  PASSING 

1  ,75 

1900  0 

0<oo 

10 A ,00  0,00 

100,00 

0,00  100,00 

.33 

13200 

7,31 

92.49  0-87 

99,13 

0,00  100,00 

;  .375 

9500 

4 .  A I 

88. OS  3,06 

95,98 

0.00  100,00 

I  M«3 

.a.  TOO 

3.04 

93,04  2.49 

93,40 

0.00  100,00 

'  4 

4  750 

12,36 

72,69  13,92 

79 , 48 

0,00  100,00 

» 

3350 

9.46 

44,22  13,92 

*3,36 

7,39  97,61 

8 

03  60 

0,0/ 

59,6.*  5,  i;> 

36,39 

2,39  95,22 

:  !  0 

!  700 

:> .  *: 

'4  ■',/  i.. 

56,14  4.66 

31,73 

2,02  93,20 

:i  4 

1  3  SO 

;m  ? 

54.09  4,15 

47,39 

1.17  92,03 

j  '0 

850 

2,30 

31.32  4.90 

42,69 

1,03  90,99 

’  0(3 

<300 

A ,  5 1 

47,-' u  9,40 

34,08 

2.30  88,70 

:i  Vi 

425 

6 . 9  5 

40.04  10.90 

23 ,  IB 

3 » .1 1  83.58 

<1 8 

300 

9 ,  1 1 

30,90  10,31 

12:66 

11,73  71,86 

A  5 

2  1 2 

L  3 , 0 1 

f ,94  ? . 21 

3:43 

29,78  42,07 

;  1 00 

i 

/  ■?  ? 

10,39  'J,-'";, 

0,69 

24,34  17,73 

j  '  oo 

106 

3.84 

6,74  34 

0,33 

12.62  5,11 

!  o  0 

(*• 

3  (>  * 

3.6”  0,1  A 

0 ,  1  5 

4,27  o,84 

i  »■  ut 

"i  Z 

0,00 

0,00  0,00 

0.00 

0,00  0:00 

: 

*f  J 

0  :  C'O 

0  ,  A  r,  r, ,  f\ o 

0,00 

0,00  0,00 

■O.'O 

38 

0  ,'00 

0.00  0.00 

0,00 

0,00  0,00 

!  S  (<  0 

:?c 

'  s,  C 1  it 

♦  «  -  i*‘i  t\  A  <  A  y 

0 :  00 

0,00  0.00 

j  H  N 

}  «.  '7 

0,00  0>15 

0  I  00 

0:84  " : 00 

1 

A 

B 

C  13 

!  SO  PCT 

,  SIZE 

( LOG-LOG)  » 

384 

2:  4816, 

384, 

SLOPE, 

SOT  SIZE  TO  SMALLEST  DATUM 

0,7 

0‘7  1,510 

2, 78d, 

SPECIE 

IC  GRAVITY 

**■*•**•*•*  tttrnt  r* 

***** 

I  ESTIMATED  SP.Ofi,  FOP 

40%  VOIDS 

0, 

OA  0,00 

0,00 

i  VOIDS 

FRACTION 

rmm  icmL*  ******* 

|  BULK  WEIGHT  <1 

.BS/FTf*3) 

mn 

**  tmm  mm* 

176 

- * 

1  1  ro.f.HA)  wppq - 

MATERIAL  SOIL  476S 

SUBMITTED  BY  IT  CORF. 

BATCH  KILN  TEST  10 


TEST 

NO  ,8' 

5-003 

DATE  i 

A  = 

AS  REC,  FEED  SAMPLE 

DRIED 

AT  100  C 

B* 

4768' 

-3  TEST 

10  KILN 

PROD. 

C- 

4768 

-3  TEST 

10  EXHAUST  DUST 

100 

10  HEIGHT  %  P 

ASS  IMG  1 

MESH 

HU-M 

198  6 

5  4  3 

2 

198  654  3 

2  1*»8 

i  75 

19000 

7 

,53 

13200 

Cl 

.  375 

9500 

CBA 

M  =  3 

6700 

CBA 

4 

4750 

C  BA 

6 

3350 

C  1 

8 

2360 

C 

1 

10 

1700 

C 

AB 

:14 

1180 

C 

A  B 

20 

850 

C 

A  B 

28 

600 

r 

A  B 

35 

425 

C 

A  B 

48 

300 

C 

A 

B 

6  5 

212 

C 

* 

M 

B 

1.00 

150 

c 

« 

H 

ISO 

106 

A  C 

200 

75 

A 

C 

270 

53 

325 

45 

400 

38 

500 

26 

t 

MESH 

MU-M 

198  6 

5  4  3 

n 

1.  -■  8  6  5  4  7 

198 

1  =A  +  B 

2-A  +  C 

3--A  +  D 

4 

•■B+C  5-B  +  D 

6-CrD 

7«A+B+C  8“A+B  +  D  9-A+C+D  0«B+C+B  t-A+B  +  C  +  D 


17? 


ALL! S- CHALMERS 


5  I  EVE  ANALYSIS 
MATERIAL  SOIL  4?ef. 

SUBMITTED  5Y  IT  CQPP  . 

PATCH  KILN  TEST  II 
TEST  NO. 35-003  DATE  1-11-85 


A «  AS  PEC,  FEED  SAMPLE  DRIED  AT  LOO  C 
ft-  TEST  11  KILN  PROD.  4*74,0-^ 


C*  TEST 

T'l » 

u  e: 

YHAUST  DU 

S  T.  4760  - 

4 

SIEVE 
FCHJIV , 

SIZE 

ASTM 

H 

PERCENTAGE 

peri: 

p 

SENT AGE 

c 

PERCENTAGE 

I .MESH 

iili-M 

ON  PASSING 

OH  f 

MASSING 

OH  P 

ASSIHG 

4 

4 

f. ,  ft  f,  i 

/•.  n  r.  /t 

» ,  •••■ 

0 ,  Oft 

100. 0  0 

0:00 

100.00 

•o 

-*  *7  «:j  ^ 

0,04 

,  96 

0  <  On 

99,92 

0,09 

99,91 

2360 

0. 06 

V  '*?  ,  Cr  l  ) 

0.08 

99,83 

0.14 

99,77 

1  0 

1  /  V\> 

0 » 0  6 

9?  ,84 

•“< .  <)4 

99,79 

0 . 0  9 

99,68 

1  4 

1180 

o , :>  t 

...  ^  -  - 

'*  *♦  *  •;%  «. ' 

0,25 

99,33 

0 , 0  9 

99,39 

nr. 

8  SO 

2 , 0  3 

(•.  'J 

*  i  > 

. «  •  *? 

97,23 

0.54 

99,05 

2  G 

'  9  00 

14,65 

8  2  ♦  *  2 

14,  «4 

32.31 

10,76 

38,29 

HS 

4  25 

31.21 

51.7 1 

27,08 

33,23 

38,08 

30,20 

•18 

3  0  0 

29,28 

22,43 

28 :  99 

26,24 

33,41 

16,80 

A  ?5 

2  1  ? 

15.47 

6 , 5 

17,90 

8,34 

12.26 

4,54 

:i  oo 

150 

4,20 

•  •  •», 

J-  i  /  / 

j  i  s>9 

2.73 

2,93 

1,39 

1.50 

106 

l  .00 

1  ,77 

1,27 

!.  ,48 

0,91 

0,68 

200 

7  j 

0,62 

i  ,  1  r, 

0.80 

0,68 

0,41 

0,27 

:r>  o 

0 , 00 

0,00 

,  00 

0,00 

0,00 

0 . 00 

325 

4  5 

0,00 

A  ,  A  A 

0 , 00 

0.00 

0,00 

0,00 

TOO 

:  8 

0,00 

o.oo 

0.00 

0.00 

0,00 

0  ♦  00 

500 

■’>  * 

.  M  C‘ 

0 , 00 

a  v  a  *M * 

0,00 

0,00 

0.00 

0,00 

PAN 

»  > 

1.15 

-  n  ^ 

».»  » »;».» 

0 . 68 

0.00 

0,27 

0,00 

D 

PERCENTAGE 
OH  PASSING 


:*i 

ft 

C 

*..>  PCT.  SIZE  '’LOG-LOG  '•  - 

5B4  , 

585. 

363 , 

SI..  OPE  r  POX  SIZE  TO  SMALL I-  9 T  DATUM 

2,064 

2 , 322 

2,314 

SPECIFIC  GRAVITY 

9  T  6  'T  6  6  9 

******* 

mm* 

ESTIMATED  SF.GR,  FOP  4 OX  "01  PS 

0 , 0  0 

*  A 

V  4  vO 

0,00 

"N IPS  FRACTION 

mm* 

******* 

******* 

BULK  WEIGHT  •’ L  PS/FT  »»?  ■ 

...  .<  ,i. 

if  44  M 

*mm 

******* 
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SIEVE  ANALYSIS 
MATERIAL  SOIL  47c v 

SUBMITTED  BY  IT  CORP. 

BATCH  KILN  TEST  // 

TEST  NO. 85-003 


As  AS  PEC.  FEED  SAMPLE  DRIED  AT  100  C 
B-:  TEST  11  KILN  PROD*  4760-4 
(>  TEST  11  EXHAUST  DUST,  476o.  *4 

10o  10  WEIGHT  % 

MESH  HU-M  198  654  3  2  193  654 

,53  13200  7 


PASSING  1 
;  2  198 


,375  9500  7 
M-3  6700  7 

4  4750  7 


6 

3330 

•** 

/ 

B 

2360 

»** 

f 

10 

1700 

7 

14 

1180 

•*» 

i 

20 

850 

7 

28 

600 

7 

35 

425 

B2 

43 

300 

BA  C 

65 

BA  C 

100 

150 

l  C 

150 

106 

A  B 

70  0 

75 

A 

270 

325 

400 

53 

4  3 
38 

500  26 

MESH  MU-M 
l'r-A  +  Et 
7*A+B+C 

* 

198  6  5 

?.-A+C 

8" A+B+D 

4  3  2 

3  -  A  +  r* 
9-A+C+D 

198  6  5  4  3  3  1*8 

4  "B+C  3-B  +  r*  6“CrJ,' 

O-B+C+D  +-A+B+C+D 
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APPENDIX  E 


ISO 


Dynamic  Angle  of  Repose  Test 


Company  Name 

IT  Corporation 

Test  No. 

1 

Test  Date 

January  9,  1985 

Test  Apparatus  Site 

38"  ID  x  10"  Wide 

Feed  Material 

4761  As  Received 

Feed  Moisture  (%) 

6.5 

Test  Apparatus  Speed  (rpm)  0,82 

52"  Mobile  Kiln  Equivalent  Speed  (rpm)  0-6 

Bed  Loading  (%)  7 

181 


Dynamic  Angle  of  Repose  Test 


Coapany  Name _ IT  Corporation 

Test  No.  _  2 _ . 

Test  Date _ January  9,  1985 

Test  Apparatus  Size  38"  ID  x  10"  Wide 
Peed  Material  4760  As  Received 

Feed  Moisture  (%)  _ _ _ 

Test  Apparatus  Speed  (rpa)  °«82 _ 

52'*  Mobile  Kiln  Equivalent  Speed  (rpa)  _ 


0.60 


Dynamic  Angle  of  Repose  Test 


Company  Name 
Test  No. 


Test  Date 


Test  Apparatus  Size 
Peed  Material 


Feed  Moisture  (%) 


IT  Corporation 


January  10,  1985 


10"  Wide  x  38"  ID 


4768  As  Received 


6.4 


Test  Apparatus  Speed  (rpm) 


0.82 


52"  Mobile  Kiln  Equivalent  Speed  (rpm) 
Bed  Loading  (%)  _ 7 _ 


0.6 


NOTH:  Material  did  not  turn  over  in  kiln.  Bed  slides  on  kiln  wall. 


m 


Dynamic  Angle  of  Repose  Test 


Company  Name _ IT  Corporation _ 

Test  No.  _ 4 _ 

Test  Date  January  14,  1585 _ 

Test  Apparatus  Size  38"  ID  x  10"  Wide _ 

Feed  Material _ 4760  (Tests  3,  5,  6  and  11  Batch  Kiln) 

Feed  Moisture  (%)  _  0 

Test  Apparatus  Speed  (rpa)  _ 0.82 _ 

52"  Mobile  Kiln  Equivalent  Speed  (rpm)  0*6 _ 

Bed  Loading  (I)  _ 4»42% _ 


NOTE:  Only  12.25  Kg  available  for  test  (16.66  desired). 
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Dynamic  Angle  of  Repose  Test 


Company  Name 

IT  Corporation 

Test  No. 

5 

Test  Date 

January  14,  1985 

Test  Apparatus  Site 

10"  Wide  x  38"  ID 

Feed  Material 

4768  Test  Product 

Feed  Moisture  (%) 

0 

Test  Apparatus  Speed  (rpa)  0,82 

52"  Mobile  Xiln  Equivalent  Speed  (rpa)  0,6 

Bed  Loading  (%) 

2.54* 

NOTE: 


9  Kg  available  for  test  (16.43  Kg  desired). 


APPENDIX  F 
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mcoM'OH  vn* 


$58 

«  i tt  s 

5  38* 

|  H  SP  I  t 

l  >:  : 


,ru«E.  *C 


INPUT  DATA 


“w*talT6"3 

“59777  MG 

• / A T • 5  aKP 

NsNUftbER 

OF  DATA 

POINTS  - 

CALCULATED  DATA  7 

'  ■  "  **"  ~  *—*•—*“  “* 

TEMP 

DELTA  Y 

DELTA 

DEG.  C 

A0  IN. 

SAMP  IN. 

'25.6 

5.10 

“  1.33 

50.0 

4.13 

? .  1  5 

""7  5.0  * 

4.HC 

?.3’; 

1O0.C 

4.62 

«'  I 

'1'2'5',7f 

4  •  80 

2.50 

150.0 

4.95 

2.53 

'17'5."0 

5.07 

2.59 

200.0 

5.24 

2.67 

■72:570' 

5732 

2,6/ 

250.0 

5.  a2 

2.1.0 

YTfTO- 

5.56 

ztst 

500.0  ‘ 

5,64 

2, 24 

“32570 

*“  5.7  7*“ 

1.  >1 

350.0 

5.62 

1 , 71 

7?'576— 

5.96 

“1.6  5 

400.0 

6.05. 

2.07 

YTSTO 

'7mrr~ 

2.ir 

4S0.0 

6.08 

2.40 

3“4T576“ 

“oTHf 

2„3  7 

?  500.0 

6.16 

2. 7  3 

■'52  576"  " 

6.73 

3.05 

550.0 

6.27 

i  #  - 

“575*76 

6.SU“ 

4. 3? 

400,0 

0.32 

3.10 

'T2570 — 

*73'$ 

3.13 

650.0 

0.36 

3.1/ 

“675.0 

- 4740“ 

““  3.33 

7.7 


H 

INST. CONST 

0.95?? 

"  ci';  ‘;-3*  ?" " 
0.9349 
— OTi' 

0, 9  j  $  7_ 
(T/9  362 

0.9.397 
—  0'.‘9'34  9~" 
0,9344 

■■^rnro — 

0,924* 

“*““07V2’i'T 

0.91 71 

— tr:?o4r  ~ 
O.ms 
- OlfifcT" 

0.^076 _ 

0'.>7)Vi 
0  •  V  0  7  •> 

- - 63027*  * 

0.90?0 

— O'o?vr~ 

0.9045 

cr.^oo"* 

0.9051 
”  03  065" 


rp 

KC AL/KG-C 
'“071472  "  ' 
0.?01? 
"072101  '  ' 
0.21  51 
"D72T93 
0.2231 
“1(72282 — 
0.2332 
07 2345  ' 
0.2457 

-mm— 

0.1946 
“UTl*6  5*rv 
0.1473  • 

~r.“Y554‘*7 

0.1747 

“~C7fATr“ 
0.1876 
“07201'?““ 
0.232? 
“'072576'" 
0.2613 
~“073YO'$*~ 
0.2634 
““0726  o0'“ 
0.2712 
072835 


PROGRAM  E9N5 


■f »wt7 a  LToT*h17c  p  a  l  r too  n  6  lYya  )  /  mc  a  C/'s  f  c  -  d  e  g7  f 
CPSAMP*oO*Ci*0|lT  vs  /  Pit. SAM*  ^CAUJ^CaPjSAp.-. 


H/KC«CPSAHft«P£LTAT<>*C*L/*.O«P£0.C 


CP4U03*1 .723981416-1.  ♦  b 74 2 9 51 9  0  E -  4  T_-_K  0?  3 5 H 2 E- 6 1 
♦  l7iYt932V6fc“V*CT**3)  “  a, o«!22?0e0E“1 3<T*»4) 


H 

"Y0t7“h"e  at  . 

IC  AL/KG 

KC AL/KG 

0700 00 

0/00' 

4.3624 

4.36 

5 . 1*4 1 7 

"  9.50 

5.3154 

14.82 

"57*470  T  ' 

- "2  072  5  . 

5.5291 

25.78 

5.V4T2 

31/42 . 

5.7675 

37.19 

"578453 

"""43/03  . 

6.0024 

49.04 

“57TOB 

““  54788 

5.2027 

60.08 

"4.7C  24 

64. '5 8  ~ 

3.9113 

68.49 

"3.7840 

. 72.28 

4, 1 ?o4 

76.40 

-474*577” 

80786 

4.6122 

85.47 

V.'66'62 

““•”90/33' . 
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ANALYTICAL  METHODS  FOR  2t  3.,7,8-TCDD 
5A  SAMPLE  PREPARATION  PROCEDURES  *  JAR  METHOD 

5B  SAMPLE  PREPARATION  PROCEDURES  -  SOXMLET  METHOD 

SC  ANALYSES  PROCEDURES 

5D  STANDARD  VERIFICATION 

NOTE:  THESE  ARE  REPRINTED  AS  USED 
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Annex  5A 


APPENOIX  A 

SAMPLE  PREPARATION  PROCEDURES  fOR  DIOXIN  IN  SOILS  -  JAR  METXQO 


1.0  SUMMARY  Of  METHOD 

1.1  Soil  and  sediment  samples  are  extracted  with  a  methanol /hexane  mixture 
using  a  jar  extraction  tgehnlau*  after  sol  king  tne  sample  with 

-/C1  a-2,3, 7,3-TCDO  and  ^12-2,3, 7, 8-TC0C.  After  filtering,  samole 
cleanup  procedures  are  followed  before  analysis  by  GC/MS  is  performed. 

2.0  REAGENTS 

2.1  Spiking  standard  solution  (contains  both  Internal  and  surrogate 
standards).  *X12“2.3 ,7,8-TCOO  Internal  standard  at  a  concentration  of 
500  ng/m'l  and  37Cu-2,3,7,8-TCOO  surrogate  standard  at  a  concentration  of 
100  ng/ml,  both  In  the  sane  hexane  solution.  The  standard  ID  mincer  is 
3SS: 32-IKB  SOIL.  GC/HS  IS  mixture  Is  prepared  at  a  concentration  of 

200  ng/ml  in  Isooctane. 

2.2  Sulfuric  acid  (concentrated);  AOS  grade;  specific  gravity  1.84. 

2.0  Potassium  hydroxide;  20t  aqueous.  Prepare  by  cautiously  adding,  with 
stirring,.  200  g  of  potasslun  hydroxide  pellets  to  800  ml  of 
distil led /deionized  water  contained  In  a  beaker  In  a  cold  water  bath. 

After  the  potassium  hydroxide  has  dissolved  and  tne  solution  is  at  room 
temperature,  transfer  to  a  plastic  bottle. 

2.4  Necnylene  cnlorlde;  pesticide  .quality  or  equivalent. 

2.5  Hexane;  pestleiqe  quality  or  equivalent. 

2.6  Methanol;  pesticide  quality  or  equivalent. 

2.7  Toluene;  pesticide  quality  or  equivalent. 

2.8  Sodium  sulfate;  ACS,  grenular,  anhydrous.  Prepare  by  a  24  hour  methylene 
chloride  extraction.  After  preparation,  store  in  an  oven  maintained  at 
llOH. 

2.9  Silica  gel;  type  60,  EM  reagent,  70-230  mesh,  or  equivalent.  Prepare  by 
soxhlet  extraction  with  methylene  chloride  overnight,  dryino,  and  then 
activating  in  an  aluminum  foil  covered  glass  container  for  24  hours  at  13Q*C. 

2.10  Alumina -neutral ;  fisher  brand,  30-200  mesh.  Prepare  by  soxnlet  extraction 
with  methylene  chloride,  followed  by  drying  and  then  activating,  in  in 
aluminum  foll-cavered  glass  container  for  24  hours  at  190*C. 

2.11  Sulfuric  acid;  impregnated  silica  gel,  40X  w/w.  To  prepare,  add  two 
parts  (200  g)  concentrated  sulfuric  aeid  to  three  parts  silica  gel 
(300  g)  contained  in  a  one-glass  liter  bottle  equipped  witn  a  Teflon- 
lined  screw  cap.  Mix  thorougnly  with  a  glass  roa  until  no  lumps  are 
visible.  Laoel  the  bottle  with  "Sulfuric  Acid  -  impregnated  silica  gal" 
and  "Caution  •  contains  concantratad  sulfuric  acid." 


2.12  Sodium  hydroxide  .ttoei fl ed  sf!  lea  gel ,  235  w/w.  To  prepare,  aed  1  part  1M 
Ha  OH  to  two  parts  activate  silica  9*1  contained  in  a  glass  jar  iquiooeo 
with  a  teflon  Unto  screw  cao.  Mix  thorougniy  with  a  glass  rod  until  no 
luaes  are  visible,  laoel  bottle  with  ‘HaOH  -  impregnates  silica  gel". 

2.13  Carbooak  C  (activated  caraon)  an  Callte;  preoare  by  thoroughly  mixing 
3*5  grans  of  Carbogak  C  (80/100  mesh)  and  15. i  grams  of  Callta  545  In  a 
4fl-«l  vial,  Actlveta  at  130*C  for  six  hours.  Store  In  a  desiccator. 
CAUTION:  Cheek  tech  new  bacon  of  mixed  Caroooak/Cal its  to  ansure  7C33 
recovery  of  >  505.  Suojtct  the  low  level  concentration  calibration  solu¬ 
tion  to  the  procedure  in  section  5.3.0-5.3.12  and  measure  the  quantity  of 
labeled  and  uni  abated  TOO. 

3.0  CAUTIONS 

3.1  Samples  received  for  this  preparation  procadure  are  of  unknown  can- 
position  but  may  be  potentially  carcinogenic,  mutagenic,  toxic  or  In 
ocher  ways  hazardous. 

*3.2  It  Is  mandatory  that  the  Initial  weighing  of  the  samples,  addition  of 
Isotopleally  labelled  2.3,7,3-TCOO,  and  mixing  of  the  samole,  be  per¬ 
formed  Inside  of  the  designated  dioxin  hood.  In  the  high  hazard  laboratory. 

3.3  Personnel  Involved  In  this  samole  preoaratlon  procedure  should  be 
thorougniy  familiar  with  laboratory  SAP's  on  the  processing  of  hlgn 
hazard  samples. 

4.0  EQUIPMENT  AND  MATERIALS 

4.1  Electrical  platform  shakers. 

4.2  5Q0  ml  glass  jars  (amber)  with  teflon-lined  screw  caps  to  0e  used  on  the 
platform  shakers. 

4*3  Xudema-Oanlsh  concentration  igoaratusas,  consisting  of  a  three-ball 
macro  Snyder  column,  a  500  ml  evaporative  flask  and  a  10  ml  graduated 
concentrator  tube. 

4.4  Mini  vials  (rtaeetvlels)*,  1.9  ml.  capacity  with  conical  interiors  ana 
graduated  at  0.1  mi ;  equipped  with  teflon-faced  rubber  septa  ana  screw 
caps. 

4.5  Concentration  vials;  20  ml  screw  too.  seotum  sealed,  seintllatlon  vials. 

4.5  Concentration  device;  nitrogen  blowdown  aooarttus,  Organomatlon  ano 
Pierce  concentration  devleas,  or  equivalent. 

4.7  Si  ass  filtering  funnels,  short  stem. 

4.3  Filter  paper,  Whatman  *4  or  equivalent. 


201 


0  SAMPU  EXTRACTION :  Jar  extraction.  WIT:  Sxtreafy  wet  semolas  may  rtqulrt 
centrifuging  to  ret ova  «ur  bafort  idol t Ion  of  soClua  sulfite.  The  liquid 
will  be  run  <s  i  water  iwpi*  (sea  water  macncd). 

5.1  ?reare  designated  dioxin  flood  as  Instructed  In  Uoontory  SOP  for  pro- 
ctsslng  hi gn  hazard  samolas.  This  Includes  cotalnlng,  preparing  ind 
label1 ing  tin  rtqulslta  maoer  of  500  ml  jars  before  placing  tn  the  hood. 


5.2  Transfer  10  g  of  tha  soil  or  sadlaent  (wet  weight)  to  a  cared  500  al  jar 
{»  0,5  g  welgnad  to  3  significant  figure). 

5.3  Spike  the  jam  it  with  1Q0  vl  Of  spitting  solution,  containing  both  Intar. 
nil  and  surrogata  standards,  adding  tha  solution  at  several  sites  ever 
tat  surf act  of  tha  sample, 

S.a  Add  20  g  anhydrous  solium  sulfata.  Stir  tha  eixture  thoroughly  with  a 
stainless  staal  spatula. 

\ 

*5.1  Allow  tha  mixture  to  stand  for  two  hours,  *1x  thoroughly  with  tha  spatula 
and  allow  tha  alxturt  ta  stand  for  an  additional  six  hours.  Nix  tha 
samp la  again,  insuring  that  no  lumps  art  prasant.  During  tha  parlod  that 
tha  samplas  sat,  turn  off  tha  light  In  tha  hood  and  dost  tha  hood  sash. 

5.5  Add  2D  at  of  methanol,  stir,  and  add  ISO  a!  of  hexane.  ftamove  tha  spa. 
tula  whlla  rinsing  It  with  h axana. 

5.7  Ptaca  tha  axtraction  jar  containing  tha  soil,  sodlw  sulfata,  and 
sol  vanes  tn  tha  shakar  and  snake  for  at  laast  3  hours. 

5.8  After  tha  thrta  hour  anting  parlod,  turn  off  tha  shakar  and  allow  tha 
solids  to  tattla  bafort  preaadlng.  * 

5.9  Into  tha  too  of  a  500  ■!  KD  flask,  Iniart  a  glass  flltar  funnel  containing 
ttucmtn  #a  Miter  paper  (or  equivalent)  rlnsad  with  haxana. 

5.10  Corafully  dacint  tha  axtrset  through  tha  flltar  funnai,  using  a  stainless 
staal  spatula  to  facilitate  tha  transfer  procast. 

a 

S.U  aiftit  tha  Insldo  of  tha  jar  and  contents  with  haxana,  using  tha  spatula 
to  aix  tha  haxana  with  tha  sol  1c  aatarlel  retaining  in  tha  baakar. 

5.12  Decant  tha  washing  into  tha  flltar  funnai,  using  tha  spatula  to  faclll. 
tata  tha  transfer. 

5.13  Concantrtts  tha  axtrset  volume  to  isproximitely  3  el  with  a 
Kuoama-Oanlsh  apparatus. 

5.14  Transfar  the  contantrstad  extract  to  a  20  *1  aelntlllatlon  vial.  Bins* 
the  avaoorator  flask  with  thrta  5  al  portions  of  fiaxana;  transfar  aacn 
rinse  Into  tha  scintillation  vial.  During  thaso  trtnsftrs,  avaporata  the 
solvent  using  a  gantla  straam  of  dry  nitrogen. 


S*1S  After  «it  'Inti  rinse  has  Seen  artaed,  rsaucs  cnt  extract  volume  to 
approximately  1,  a! , 

$.0  .  OllAL  QUJMf  OiAh^jP 

6.1  Either  the  necessary  columns  have  Seen  oreoared  and  are  in  a  drying  oven, 

ir  the  silica  gel  and  alumina  caimans  need  preoaratlon.  If  ealuans  need 
to  be  prepared,  obtain  enough  1  x  20  ca  columns  (far  the  silica  gel 

cH tarns.)  and  1  x  30  a  ealuans,  far  the  alumina  columns. 

6.2  Place  a  small  wad  of  glass  wool  in  the  bottom  of  the  1  x  20  ca  columns 

and  add  UC  g  of  silica  get,  2.0  g  of  the  NaQH  impregnated  silica  gal,  1  g 

silica  gel,  4  g  of  the  w/w  sulfuric  acid  treated  silica  gel  ana  2.0  g 

of  silfca  gel.  Gently  tao  the  columns  to  allow  the  contents  to  settle, 

after  each  addition. 

S*3  Placa  a  wall  wed  of  glass  wool  in  the  bottom  of  the  1  x  20  cm  columns 

and  add  TT^f  alumina  and  a  1  cm  layer  of  sodium  sulfate.  Gently  tap 

th«  col  urns  to  allow  the  contents  to  settle. 

6.4  Attach  the  silica  gal  *rd  al~*lna  columns  to  lae  suoports  so  that  tha 
silica  gal  column  Is  iwwv*  tha  alumina  column  and  the  lower  tip  of  the 
silica  gel  column  is  Inserted  Into  the  cop  of  the  eluetna  column* 

<•5  Rinse  both  columns  with  hexane  to  remove  any  air  bubbles  and  discard  the 
hexane. 

6.6  «h«n  the  silica  gel  and  alumina  columns  have  stoppau  driooing  hexane, 
place  a  clean  Crlenmeyer  f* ask  under  the  aU*m<a  column  and  transfer  the 
hewn*  corcantme  obtained  from  step  649  to  the  top  of  one  silica  gel 
column*  Rinse  the  scintillation  vial  with  2  s-  0.5  ml  portions  of  heaane 
and  add  the  washings  to  the  toe  of  the  silica  v*l  column. 

* 

6.7  Hash  the  silica  gel  column  with  129  «1  of  hexane. \ddee  in  aliquots  oy 
eeens  of  a  transfer  ptpet.  Remove  the  si  lies  gel  column. 

6*4  •  Hash  the  alumina  column  by  placing  29  ml  of  nexane  on  the  col  ten  ana 
elute  until  the  hexane  hat  dropoed  below  the  sodium  sulfa.,  layer. 

Reecve  the  Srlenceyer  flask  and  retain  -(with  aluminum  foil  cap)  until 
directions  are  given  to  discard* 

6.4  SI  ace  «  dean,  labelled  12$  ml  EHwmmyer  flask  under  the  alumina  column 

ane  place  20  *1  of  205  v/v  smehylene  chloride  in  hexane  o*  toe  alumina 
Cflltmr,  catching  the  eluent  In  the  Irlanmeyti*  flask. 

6.19  Place  the  US  Irlenmeytr  flask  on  the  Grganomatlon  or  m tree  can¬ 
cans  ration  apparatus  and  red uca  the  volume  of  the  solvent  until  less  than 
19  ml  of  solvent  is  remaining,  but  do  not  evaporate  to  r/ness. 

4.11  Quantitatively  transfer  the  hexane  extract  to  teMi  W  io  el  k-9  con¬ 
centrator  tab**.  Rinse  the  Srlenmeyer  flask  with  several  smelt  ( 1-2  ml) 
portions  of  hexane,  adding  the  wash**  to  the  k-9  concentrator  tuoa. 
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6.1 2  Transfer  the  x-0  concentrator  tabes  to  the  concentration  dev lea  *nd  con¬ 
centrate  the  naxzna  extract  to  Moroxfmattly  1.0  al ,  using  4  gentle 
ttrsam  of  nitrogen  and  heat  if  necessary. 

6.13  After  *n*  1.0  ml  volume  has  been  ootalned,  remove  the  x-0  concentrator 
tube  and  ouahtitatlvaiy  transfer  tne  contents  of  tne  K-0  concentrator 
tube  bo  designated  conical  atnl-viils,  Rinat  the  concentrator  cube  with 
l  l  0.6  at  portions  of  hexane  and  transfer  the  washes  so  tat  concentrate 
vial.  Complete  necessary  paperwork  (Sea  OA  section.) 

6.14  Start  :s»  hexane  cancantrata  in  a  f retzar  until  just  prior  to  SC/M S 
analysis. 

6.15  Concentrate  tna  hexane  to  natr  arynass  snd  add  50  ul  of  200  pqO  standard 
of  UC-7C3F.  Saturn  step  la  to  the  retch-in  rafrigtrator. 

7.0  ACTIVATED  CARSON  OEAN-UP 

.7.1  AftarfiC/MS  analysis  of  smelts  procassad  through  the  dual  column  attfto- 
dotegy  In  Saetldn  6.0,  the  possibility  axists  that  eartaln  natricas  may 
product  Indeterminable  rasults.  In  such  easts  an  act  1  vat  ad  canon  column 
elaan-up  technique  will  be  employed. 

7.2  Obtain  from  the  das  lest  tor  tiia  activated  Callta/Cartopak  (from  Section 
2.13). 

7.3  Insert  a  small  wad  of  glass  wool  Into  a  small  (7  m  0.0.  x  IS  cm)  dlsoo- 
saola  plpat  and,  using  vacuum  aspiration  at  to  a  oolnttd  tip  of  tna  ploat, 
add  the  Ce  lite/C*  rbcptk  mixture  until  a  2  cm  column  Is  octal nad. 

7.4  Prepara  tha  column  by  adding  the  following  solvants/solvant  mixtures  in 
tbe  designated  aliquot  sizes:  (pi tea  a  clean  12!  ml  grlenmeyer  flasx 
under  the  column) 

»  2  ml  toluene, 

•  1  ml  75/20/S  (v/v/v)  matitylant  cnlorlde/metiianol/banzene, 

•  l  ml  50/50  (v/v)  eye lohaxane/methy lane  chloride, 

•  2  ml  hexane. 

a 

7.1  Uban  Me  bottom  of  tna  hexane  meniscus  just  touches  the  top  of  the 
Callta/Carbopak  material,  quantitatively  transfer  the  SO  ul  of  sample 
onto  the  column. 

1 

7.6  Rinse  the  sample  container:  with  2  1  ml  portion*  of  hexane,  adding  the 
rinses  onto  the  column. 

7.7  Sequentially  wash  the  column  with  the  following  solvants/solvant  mixture* 
In  tha  designated  aliquot  slots: 

-  I  ml  50/50  (v/v)  cycloltexane/netnylene  chloride 

-  I  ml  75/20/5  (v/v/v)  methylene  chiorl de/methanol /benzene. 


7.3  Remove  tna  125  mi  Erlenmeyer  flask  and  replace  wit.n  a  concantrator  tube 
or  Reacti-vial. 

.7*9  elute  the  TCOD  from  the  column  with  2  al  of  toluene  Into  the  concantrator 
tuba  or  Raacti-vial. 

7110  Store  tiie  toluene  eluent  in  a  freezer  until  one  SC, 'MS  analysis  is  to  be 
performed. 

7.11  Shortly  before  the  analysis,  concentrate  the  extract  to  near  dryness  ana 
add  5G  ul  of  isooetane  for  SC/MS  analysis. 

7.12  Comp  1  etc  any  paperwork  rsoulrements  and  store  tne  concentrate  in  the 
reach-in  refrigerator  (See  <JA  section  for  sxaooies  of  paperwork.} 

3.0  CAUSTIC  AMO  ACID  CLEANUP  (OPTIONAL) 

3*1  Certain  samples  may  repuire  additional  clcanuo  before  column  cnrsna- 

tography  in  order  to  achieve  acceptable  detection  limits.  The  following 
is  a  procedure  which  involves  acid  and  caustic  wash  of  the  sample. 

8*2  After  step  5.15  is  completed,  quantitatively  transfer  the  extract  to  a 
123-rnl  separatory  funnel. 

8.3  Ueslt  the  extract  with  30  ml  20*  aqueous  potassium  hydroxide  by  shaking 
for  10  minutes.  Let  stand  for  10  minutes  and  discard  the  aqueous  layer. 

3.4  Wash  the  extract  with  25  ml  of  distilled  deionized  water  by  shaking  for  2 
minutes.  Let  stand  for  10  minutes  and  disard  the  aqueous  layer. 

8.5  Slowly  add  SO  ml  concentrated  sulfuric  acid  to  the  extract  and  shake  for 
10  minutes.  Let  stand  for  10  minutes  and  olscard  the  acid  layer.  Repeat 
until  acid  layer  remains  colorless  after  extraction. 

3.5  Wash  extract  with  20  ml  distil led/deioni zed  water  ay  snaking  for 

2  minutes.  Let  stand  for  10  minutes  and  disard  the  aqueous  layer. 

8.7  Quantitatively  transfer  the  organic  layer  to  a  20-ml  scintillation  vial 
and  dry  over  10  g  anhydrous  sodium  sulfate. 

8.3  Reduce  the  extract  volume  to  approximately  1  ml. 

8.9  Proceed  to  dual  column  cleanup  If  required. 

9.0  GLASSWARE  PREPARATION  PROCEDURES 

9.1  Rinse  glassware  with  the  last  solvent  used  In  it.  Wash  with  hot  water 
containing  detergent.  Rinse  with  copious  amounts  of  cap  water  anc 
several  portions  of  distilled  water;  drain  dry.  Rinse  with  hign  purity 
acetone  and  hexane  and  allow  to  air  dry.  When  ary,  heat  in  a  muffle  fur¬ 
nace  to  4Q0*C  for  1  hour.  (Volumetric  glassware  should  not  be  netted  in 
a  muffle  furnace.)  Remove  from  the  oven  wnen  cool;  store  invertec  in  a 
clean  environment. 

0150-SS. 
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Annex  5B 


APPENDIX  9 

SAMPLE  PREPARATION  PROCEDURES  FOR  OIOXIN  IN  SOILS  -  SOXHLET  METHOD 
1.0  SUMMARY  OF  METHOD 

1.1  Soil  MNlti  «rt  «1  kM  with  isotoplcally  labeled  TCOO,  prttrtatad  wltn  1 
N-HC1  for  1  hour  and  atr  dried.  The  dry  loll  Is  transferred  to  *  glass 
soxnltt  chi  no  la  ami  subsequently  soxhlet  extracted  wltn  S*nz*n*  for  IS 
hours.  Th*  txtrset  Is  concentrated  and  cleaned  up  using  liquid  solum 
chrcaatograony  stcos.  Th*  *xtrsct  Is  analyzed  by  HRGC/LRMS.  for 
2,3,7,2-70)0. 


2.0  REAGENTS 

2.1  Solving  standard  solution  (contains  both  Intamal  and  surrogate 
standards).  *ACi2-2.3,7,3-TC00  intamal  standard  at  a  concentration  of 
500  ng/ml  and  37cTa-2,3,7,8-TC00  surrogate  standard  at  a  concentration  of 
100  ng/ml,  both  In  the  same  hexane  solution.  Th*  standard  ID  number  Is 
3S2:32-IFB.  GC/MS  IS  mtxtur*  Is  prepared  at  a  concentration  of  21J0  ng/ml 
In  Isooctane. 

2.2  Sulfuric  acid  (concentrated);  ACS  grade;  specific  gravity  1.24. 

2.3  Methylene  chloride;  pesticide  quality  or  equivalent. 

2.4  Hexane;  pesticide  quality  or  tqulvaltnt. 

2.5  141  HC1  * 

2.3  Benzene;  pesticide  quality  or  equivalent. 

2.7  Sodium  sulfata:  ACS,  granular,  an  hydrous.  Prepare  by  a  2  Mi  our  methy¬ 
lene  chloride  extraction.  Store  In  an  oven  maintained  at  11U*C. 

* 

2.2  Silica  gel;  type  60,  EM  reagent,  70-230  mesh,  or  equivalent.  Prepare  by 
soxhlet  extraction  with  matnylane  chloride  overnight,  drying,  and  tnen 
activating  In  an  aluminum  foil  covered  glass  contslnsr  for  24  hours  at 
130*C. 

2,9  Aluartno-neutrsl ;  Plshsr  brand,  20-200  mash.  Prapart  by  soxhlst  extrac¬ 
tion  with  mthylane  chlorldt,  followed  by  drying  and  tnen  activating  in 
an  aluminum  foil -covered  glass  container  for  24  hours  at  190*C. 

2*10  Sulfuric  add;  lepregnated  silica  gal,  40%  v/v.  To  prepare,  odd  two 
parts  (200  g)  eonctntrttad  sulfuric  acid  to  three  parts  silica  gal 
(300  g)  contained  In  a  glass  liter  bottle  equloped  with  a  Taflon-llned 
screw  cap.  Mix  thoroughly  with  a  glass  rad  until  no  lueps  are  visible. 
Labe?  the  bottle  with  "Sulfuric  Acid  •  Impregnatad  silica  gel*  ana 
"caution  -  contains  eoncontratad  sulfuric  acid,"  data  prepared  and  parson 
preparing  tha  reagent.  All  information  will  be  recorded  in  the  laoora- 
tary  standard  notaooofc. 
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2.11  Sodium  nyoroxloe  modifies  silica  gal,  33%  v/v.  To  prepare,  add  1  pare  1M 
NaOH  eo  two  parts  activates  silica  gal  contained  in  a  glass  jar  esuiooas 
with  a  Teflon-lined  scraw  cao.  Mix  tnorougnly  wltn  a  glass  no  until  no 
lumps  are  visible.  Uoal  ooetlt  wltn  "NaOH  -  impregnates  silica  gel,1* 
date  praparao  and  parson  preparing  we  reagent.  All  information  will  o« 
recorded  In  the  laooratory  standard  noteboox. 

2.12  Carbopek  C  (activated  caroon )  on  Cellta;  preoare  ay  tnorougnly  mixing 
3.6  g  of  Carbopek  C  (30/100  mesn)  and  16.4  g  of  Cellta  545  in  a  4C*ni 
vial.  Activate  at  130*C  for  six  hours.  Store  in  a  desiccator.  CAUTION: 
Cheek  each  new  baten  of  mixed  Caroooak/Cellte  to  ensure  TCOO  recovery  of 
>  50%.  Subject  the  low  level  concentration  calibration  solution  to  tne 
procedure  In  section  6.3.0*6.3.12  and  measure  the  quantity  of  laoeled  and 
unlabeled  TCOO.  Label  bottle  with  "Activated  Caroooax/Cellte,*  data  pre¬ 
pared  and  person  preparing  tne  tne  reagent.  All  information  will  be 
recorded  In  the  laboratory  standard  notaoook. 

2.13  Potassium  hydroxide;  20%  aqueous.  Prepare  by  cautiously  adding,  wltn 
stirring,  200  g  of  potassium  nyoroxlde  pellets  to  800  ml  of  distilled/ 
deionized  water  contained  In  a  beaker  in  a  cold  water  bath.  After  tho 
potassium  hydroxide  has  dissolved  and  tne  solution  is  at  room  timuri • 
ture,  transfer  to  a  plastic  bottle. 

3.0  CAUTIONS 

3.1  Saules  received  for  this  preparation  procedure  are  of  unknown  com¬ 
position  but  may  be  potentially  carcinogenic,  mitagsnic.  toxic  or  in 
ocher  ways  hazardous. 

3.2  It  H  mandatory  that  all  handling  of  tne  samples  be  performed  inside  of 
the  designated  dioxin  hood  in  tne  nign  nazaro  laboratory. 

3.3  Personnel  Involved  In  this  staple  preparation  procacure  snout o  be 
thoroughly  familiar  wltn  laboratory  SOPs  on  tna  processing  of  nign 

haztrs  samples. 

a.O  EQUIPMENT  AND  MATERIALS 

a.l  glass  sow  let  system  with  glut  tniaotes. 

4.2  Muting  mantles  wltn  temperature  control . 

4.3  Xuoerna-Oanlih  concentration  apparatuses,  consisting  of  a  wree-oall 
eecro  Snyder  colum,  a  500 -el  evaporative  flats,  ano  a  10-ml  graduated 
concentrator  tube. 

*.t  Mini  vials  (ruetlvlsls);  1.0  ml.  caoaeity  wiw  conical  interiors  ano 
graduated  at  0.1  ml ;  tQutpptd  with  T*rion -facta  ryoeer  seota  and  screw 
caps. 

4.S  Concentration  vials;  20-wet  screw  too,  septum  sealed,  scintillation 
vialt. 
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1.6  Concentration  aavica;  mtrogan  slowflovn  aooaratus,  Organcsttlon  <na 
^trtt  concentration  aevi ces,  or  equivalent. 

1.7  Sliti  filtering  funnalj,  snort  seta. 

1.8  filter  sao ar,  ’Jhataen  No.  *  or  equivalent. 

1.9  filter  saoar,  Bataan  No.  2  or  aqulvalant. 

1.10  3ucnntr  funnal  sat  up. 

5.0  SIMPLE  m?nk~lQH  INC  EXTRACTION 

5.1  Praoarq  oaslgnateo  dioxin  Rood  as  Instructed  in  laooretory  SOP  for  proc¬ 
essing  Riga  hataro  tasplas.  This  incluoas  ootalnlng,  preparing  ana 
totaling  tfta  raquislta  nusber  of  soaftlet  systass. 

5.2  utigftt  out  iOg  of  toll  Into  a  250  si  asOer  jar  and  spite  vitft  100  «1  of 
tfta  Intamal/surrogata  sliture. 

5.3  *dd  100  ■!  of  i-ft  On  to  tfta  Jar  and  sftake  on  a  piasters  sftaxar  for  1 
Hour. 

5.1  Pour  tit  toll  /acid  sitturt  through  a  Suennar  funnel  ano  neutralise  tfta 
toll  by  pouring  300  at  Olttlltao  tutor  throw gn  tfta  funnel.  ADov  tfta 
toil  to  air  dry  for  15  noun. 

5.5  Mac#  a  wall  aaount  of  til  lea  gal  in  a  glass  attraction  tftiaola. 

5*4  Carafully  transfer  tn#  dry  saaola  Into  tfta  attraction  tftiaola.  Charge 
tfta  soxn I at  extractor  vitft  fresh  banxtna  ano  toxnlet  extract  for  15 
noun. 

3.7  Concert  rate  tfta  axtrtet  voluut  to  eogrtwisatefy  3  *1  vitft  a  *-0 
ecoantus. 

S.J  frantfar  tfta  coacontratad  axtrtet  to  a  20-ml  tel «t1  Hatton  vial.  Rinse 
tfta  autoorttor  flats  vitft  tftrta  5-«l  portions  of  hexane;  trantfar  mcr 
Hnto  into  tfta  telntl Hatton  vial.  Curing  tftata  trtnsfart.  avtporatt  tfta 
to  I  rant  using  a  gentle  strew  of  ary  nltrogan. 

5.1  after  tfta  final  rinse  h«  bean  atm,  raouca  tfta  attract  voluau  to 
appnoxlsetely  Is). 

4.0  OWL  COUJW  CUAX-W 

t.l  Either  tfta  naenttary  ealusns  Have  assn  prapartd  and  art  in  a  drying  oven, 
or  tfta  silica  gal  and  sluslna  ealusns  naad  preparation.  If  alums  natd 
to  bt  prase red,  obtain  enough  1  t  20  cs  coluant  (for  tfta  silica  gal 
eoluant)  and  1  t  30  cs  colusns,  for  tna  alustna  ealusns. 

1.2  rite*  a  wall  van  of  gltti  vooi  in  tfta  battos  of  tfta  1  x  20  a*  colusss 
tna  asd  TTTg  of  silica  gal#  2-0  g  of  tfta  fteOH  isprtgnttM  silica  gsl,  1  g 
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si  1  lea  gel,  4  g  of  CJi*  40?  w/w  sulfuric  acid  treatad  silica  gel  ana  2.C  g 
of  silica  gel.  Gently  tao  tne  columns  to  allot*  tne  contents  to  aattla 
after  eecn  acoltion. 

6.3  Place  a  small  wed  of  glass  wool  in  the  bottom  of  the  1  x  30  cm  columns 
and  add  o  g  of  alumina  ana  a  1-ca  layer  of  sodium  sulfate,  aently  tao 
the  columns  to  allow  tae  contents  to  settle. 

$.4  Attach  the  silica  gel  and  alumina  columns  to  lao  suooorts  so  cnat  tne 
silica  gel  column  is  aoove  the  alumina  column  and  tae  lower  tio  of  tne 
Silica  gel  column  is  inserted  into  tne  top  of  the  alumina  column. 

6.5  Rinse  doth  columns  with  hexane  to  remove  any  air  buboles  anc  discarc  tne 
hexane. 

6*6  When  the  silica  gel  and  alumina  columns  nave  stopped  dripping  hexane, 
place  a  clean  Erlenmeyer  flask  under  the  alumina  column  ana  transfer  tne 
hexane  concentrate  obtained  from  step  3.8  to  the  too  of  the  silica  gel 
Column*  Rinse  the  scintillation  vial  with  two  O.Snel  portions  of  hexane 
and  add  the  washings  to  tne  top  of  the  silica  gel  column. 

(.7  Wash  the  rtllca  gel  column  with  90  ml  of  hexane,  adcao  in  aliquots  by 

means  of  a  transfer  pipet.  Remove  the  silica  gel  column. 

6.8  Wash  the  alumina  column  by  placing  20  ml  of  hexane  on  the  eolumn  ana 

eluting  until  the  hexene  nes  drooped  below  tne  sodium  sulfate  layer. 
Remove  the  Erlenmmyer  flask  ano  retain  (wlen  aluminum  foil  cap)  until 
directions  are  given  to  discard. 

6.9  Place  a  clean,  labeled  125-ml  Erlenmeyer  flask  unoar  the  alumina  column 
and  place  20  ml  of  20X  v/v  methyleno  chloride  in  hefcene  on  tne  alumina 
coluen,  catching  the  eluent  In  the  Erlenmeyer  fleak. 

6.10  Place  the  I25*€rlenmeyer  flam  on  the  Organoeetlon  or  Pierce  '.on¬ 
cer*  rat  Ion  apparatus  and  reduce  the  volume  of  the  solvent  until  less  than 
10  ml  of  solvent  reeel  ns,  but  oo  not  eveporate  to  dryness. 

6.11  Oueneltatlvely  transfer  the  hexene  extrect  to  leoeled  10-el  s-0  con¬ 
centrator  tubes.  Rinse  tne  Erlenmeyer  flask  with  several  small  (1  to 

2  ml)  portions  of  hoxene.  adding  the  washes  to  tns  k-0  concentrator  tuoe. 

6.12  frtnsfer  the  k-0  concentrator  tubes  to  tne  concentration  device  ano  con¬ 
centrate  the  nexane  extract  to  approximately  1.0  ml,  using  a  gantla 
stream  of  nitrogen  and  hut  if  necessary. 

6.12  After  the  1.0  ml  velum*  has  been  ootalneo,  remove  tne  K-0  concentrator 
tube  ano  quantitatively  transfer  tne  contenes  of  tne  k-0  concentrator 
tubo  to  designated  conical  mini -vials.  Rinse  tne  conctntritor  tuoe  witn 
two  O.S*ml  portions  of  haxant  ano  transfer  the  wssnes  to  :ne  concentrate 
vial.  Complete  necessary  paperwork  (see  QA  section). 

6.14  Store  the  hexane  concentrate  in  a  freezer  until  Just  prior  to  SC /MS 
analysis. 
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6.1£  Concentrate  tne  hexane  to  near  dryness  and  add  SO  al  of  200  odd  standard 
of  an  aoprepriace  Is.  Saturn  sample  to  the  reacn-in  refrigerator. 


7.0  ACTIVATES  CARBON  CLEAN-UP 

7.1  After  SC /NS  analysis  of  samples  processed  tnrougn  the  dual  column  metnoa 
in  Section  6.0,  the  possiolllty  exists  that  certain  maerlees  may  produce 
indeterminable  results.  In  such  cases  an  activated  caroon  column  clean¬ 
up  technique  will  be  employed. 

7.2  Obtain  from  tne  desiccator  ehe  activated  Cellte/Caroopax  (from  Section 
2.13). 

7.3  Insert  a  small  wad  of  glass  w«ol  Into  a  small  (7  mm  0.0.  x  15  cm)  dlsoos- 
eole  plpet  and,  using  vacuum  aspiration  at  the  pointed  tip  of  the  plpet, 
add  the  Cellte/Caroopax  mixture  until  a  2 -cm  column  ts  obtained. 

7.*  Prepare  tne  column  by  adding  the  following  sol  vents /sol  vent  mixtures  In 
the  designated  aliquot  sizes:  (place  a  clean  125-ml  Erlenmeytr  flask 
under  the  column) 

-  2  ml  toluene, 

-  1  ml  75/20/5  (v/v/v)  methylene  ch l  orlce /methanol /benzene, 

•  1  ml  SO/SO  (v/v)  cyclohexane/mecnylene  chloride, 

•  2  ml  hexene. 

7.5  When  the  bottom  of  the  hexane  meniscus  Just  touches  the  too  of  the 
Cellte/Carbopak  material,  quantitatively  transfer  the  50  »1  of  sample 
onto  the  column. 

7.6  Rinse  the  sample  container  with  two«Hel  portions  of  hexane,  adding  tne 
rinses  onto  the  column. 

7.7  Sequentially  wash  the  column  with  the  fallowing  sol  vents /sol  vent  mixtures 
in  the  designated  aliquot  sizes: 

-  1  ml  50/50  (v/v)  cyclohexene/methylene  chloride 

•  1  ml  75/20/5  (v/v/v)  amthylene  chloride /methanol /benzene. 

7.8  Remove  the  125 -ml  Erlenmtyer  flask  and  replace  with  a  concentrator  tube 
or  RetdtlwHal. 

7.9  Elute  ehe  TCC0  from  the  column  with  2  ml  of  toluene  Into  the  concentrator 
tube  or  Reeesl-vlel. 

7.10  Store  tht  toluene  eluent  in  •  freezer  until  the  GC/MS  analysis  Is  to  be 
performed. 

7.11  Shortly  before  the  ahelytlt,  concentrate  the  extract  to  noer  dryness  ana 
add  SO  g 1  of  Itdoetana  for  GC/MS  analysis. 

7.12  Como  lata  any  oaeenwx  requirements  and  store  the  concentrate  in  tne 
reach -in  refrigerator  (see  QA  section  for  examples  of  peeervorx). 
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8.0  CAUSTIC  AW)  ACID  CLEANUP  {OPTIONAL) 

8.1  Certain  samoles  may  reouire  additional  sleanuo  oefsre  column  cnroma- 
tograony  in  oroar  to  achieve  acceotaol#  detection  limits,  The  following 
Is  a  procedure  wnicn  involves  acid  and  caustic  wash  of  tne  samole. 

3.2  After  step  5.12  is  completed,  ouantltatlvely  transfer  tne  extract  to  a 
125 «ml  seoarstory  funnel. 

8.3  wash  the  extract  witn  30  mi  30%  aqueous  sotassium  nyaroxiae  ay  snaxing 
for  10  minutes.  Let  stand  far  10  minutes  and  discard  tne  aaueous  layer. 

*•  8.4  Wash  the  extract  with  25  ml  of  distilled  deionized  water  ay  snaxing  for  2 

minutes.  Let  stand  far  10  minutes  and  discard  tne  aqueous  layer. 

/•  • 

1  3.5  Slowly  add  50  ml  of  cancantrated  sulfurfe  add  to  tne  extract  ana  snake 

i  for  10  minutes.  Let  stand  for  10  minutes  ana  discard  tne  add  layer. 

Repeat  until  add  layer  remains  colorless  after  extraction. 

!  3.5  Wash  extract  with  20  ml  of  distilled/deionized  water  by  snaxing  for  2 

j  minutes.  Let  stand  for  10  minutes  and  discard  the  aaueous  layer. 

8.7  Ouantltatlvely  transfer  the  orgenic  layer  to  a  20-ml  scintillation  vial 

and  dry  over  10  g  annydrous  sodium  sulfate. 

8.3  Reduce  the  extract  volume  to  approximately  1  ml . 
p.  8.9  Proceed  to  dual  column  cleanup  if  required. 

[  9.0  GLASSWARE  PREPARATION  PROCEDURES 

9.1  Rinse  glanware  with  the  last  solvent  usao  in  it.  wesn  with  not  water 
['  containing  detergent.  Rinse  witn  eoolous  amounts  of  tao  water  ana 

,  several  portions  of  distilled  water;  drain  ary.  Rinse  with  nign  aunty 

I  acetone  and  hexane  and  allow  to  air  dry.  When  ary,  neat  in  i  muffle  fur¬ 

nace  to  400*C  for  1  hour.  (Volumetric  glassware  snould  not  se  heatao  in 
,  a  euffla  furnace.)  Remove  from  the  oven  when  cool;  store  inverted  in  a 

!  clean  environment. 

1  022A-AP-8 
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Annex  SC 


APPCOIX  ~C 

3I0XIX  -VUUStS  .  m!SS  PSCC23URE5 


;.o  iifTMoucnoN 

1.1  Thtj  is  4  qualitative  ant  quantitative  (hign  resolution)  SC/ (low  reso¬ 

lution)  MS  analysis  toed  fit  for  efte  2,3,7, 3  isomer  of  utracniorcdi. 
benxa-p-dlo*1n  using  selected  ion  eonl taring.  A  saaple  is  soUaa  vita 
ijotopi tally  laoeleo  **  Internal  stanoaro  *no  *itn 

J'C1a-2,3,7,3-7C30  u  surrogate.  quantitation  is  based  on  vie  response 
of  native  TOO  relative  to  Me  Intamal  standard.  Aerforsance  is  oases 
on  surrogate  starters  results.  Percent  recovery  of  Me  1 3 /SURA  fixture 
Is  duet  on  Me  SC/MS  Internal  stantart  UC-2,3,7,$-TOF. 

2.0  SAFSTY 

2.1  Saw  let  are  sent  to  IT  Corporation  free  suspect  at  or  'cicwn  hasirsous 
waste  sites.  Samples  are  u  oe  Handles  free  receipt  to  storage  by 
qualified  sa»so*tnal  only.  Analysts  east  nave  a  wording  knowledge  of 
safety  protocols  and  Oe  adept  at  safety  procedures.  GC/*S  instruments 
oust  Oe  equipped  witn  vapor  contamination  trios  on  tn«  capillary  split 
and  sweep  vents  and  on  toe  rouge  punp  affluent  lines  prior  to  use  (see 
Safety  SOP). 

3.0  ST-UP  AMO  INSTALLATION 


3.1  install  a  M  eater,  0.23  am  l.d.,  fused  silica  SP2330.  0.20  elcrtn  file 
Wlcitness  capillary  eoluan.  Sat  Me  nead  pressure  to  aoomieately  29-22 
psl-  and  Ms  split  and  setae  Hows  a  30  el/ein  and  a  ol/ein  respective;/, 

3.2  Create  a  reasonable  unit  resolution  tune  for  ?*T1A,  Adjust  tne  :«n 
awarding  to  the  instrument  eenuf securer*  tuggsstad  settings.  Set  to* 
preamp  sensitivity  to  10**  amss/volts.  The  electron  eultipiiar  oust  te 
see  to  aeftleve  100,000  area  units  for  2  ng  of  ^tv-TOO  as  injected 
for  VI  334.  Calibrate  toe  instrument. 

3.3  Cftafellslt  Me  following  W0  descriptor!; 

3.3.1  NAME  TO*  for  running  column  serf  create*  aixture 

WO  CISC:  TC 

tltSTi  FINN  CAU:  CAU3 


MASS  Otttcr  AT  100  AM) 
MAST©  RATS 
TOTAL  ACOU  7i« 

TOTAL  SCAN  HNC 
CSST  SAW  WT 
CALI  MASS  JUH62 


10  Wtl 
102* 

0.310  sics 

o.aso  SICS 
0.200  W 
44  TO  114  AMU 


IJfT 

NO. 

3E5IJI 

NASS 

SXO 

NASS 

TIME 

AEQUEST 

(SECS) 

actual 

MW 

nfw 

MA 

TH 

3L 

ION 

1 

• 

319.(49 

320. ISO 

0.350 

0.354 

t 

* 

ICO 

• 

t 

• 

0 

PCS 

Z 

321.(49 

322.1S0 

0.350 

0.052 

T 

• 

100 

i 

i 

0 

SOS 

3 

322.(49 

323.105 

0.350 

0.052 

i 

100 

1 

• 

i 

0 

SOS 

4 

327.(49 

329. ISO 

0.050 

0.054 

i 

100 

4 

% 

1 

• 

0 

SOS 

5 

331. (49 

332. ISO 

0.050 

0.052 

i 

100 

1 

* 

n 

SOS 

6 

332.(49 

334.150 

0.050 

0.352 

i 

100 

1 

* 

1 

• 

0 

SOS 

3.3.2  JUNE  “TO*  far  rawing  sunoircu  «R4  t«i<l 

N!0  3ESC:  TO 

IWT:  r!tW  CALI  CAL39 

NASS  OEFSCT  AT  100  AMI  30  MW 
msm  SATE  1024 

TQATL  tfOU  TINE  0.430  SECS 

TOTAL  SCAN  HNS  0.450  SECS 

CENT  SAMN  tNT  0.280  NS 

CAU  NUS  9AM6E  44  TO  614  AMI 


WT 

NO. 

WWW 

NASS 

EKO 

NASS 

nw 

ACQUEST 

(SECS) 

ACTUAL 

NW 

m 

NA 

TH 

JL 

;on 

1 

* 

JSd.UI 

257,150 

0.050 

0.052 

9 

* 

100 

1 

1 

0 

•os 

2 

319.(49 

320.150 

0.050 

0.QS4 

i 

100 

1 

1 

a 

•os 

321.(49 

322.150 

0.010 

0.052 

t 

100 

1 

l 

0 

90S 

4 

327.(4» 

325.150 

0,350 

0.054 

1 

* 

100 

* 

l 

0 

SOS 

331.(49 

332.150 

0.350 

0.352 

l 

ICO 

i 

4 

1 

0 

POS 

« 

333.(49 

334.150 

0.350 

0.35-2 

4 

100 

| 

•  4 

t 

A 

0 

90S 

7 

315.K9 

316.150 

0.350 

0,052 

* 

• 

100 

• 

A 

4 

A 

0 

•os 

1 

317.(41 

318.150 

0,050 

0.054 

1 

100 

a 

4 

4 

• 

0 

•OS 

3.4  Sit  tAo  £  condition*  U  foil  ON: 


1*1  action  Port  Ton 

2S0t 

Sowmor  Tm 

2sa*c 

Initial  T«m 

T0*c 

Initial  T1m 

4  adn 

Am  Mu  l 

2C*C/*1n 

Tm  2 

200*C 

Hold  T1n  2 

C  *in 

am  Mu  2 

4*C/»1n 

Tm  3 

2S0*C 

Mold  T1n  3 

5  artn* 

SalU/SNN 

as  mc 

fUMAt/Milt  turn  on  sin 

10  *tn 

•  Mild  for  it  iitrt  Z  «la  Myod  Vm  ratontJon  Z*m  of  lilt  t*N»r  of  TCCO  !a  tn» 
porforoMca  aixturo. 
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3.5  Analyst  ~lt  7  1  soar  E?A  teat  alxeur*.  If  no  1sen»rs  art  co-el  utl  no 
•itfl  2,3,7, 3-TC50,  csndltlons  hum  aoevt  ire  accaptaola  to  proceed. 
If  ea-tlutlon  dot*  occur  <1tn  2,3,7,3-TQO,  ciw  sel«w  a»z  x  cnangaa 
or  canal t ions  ejeifita  in  arcar  ca  ssae  ca-eluticn. 

3.5  Creata  a  library  »it}i  z ba  fa’lOHtng  entries: 

Entry  l  -  -  2.3.7.3-7COO  (Intamel  standard! 

•  «unc*  ai  i  3HS  Sam  32731 

-  Mount  «  1000 

•  units  *  pg/ul 

-  cuant  aus  *  322 

entry  2  .  gc  -  2.3.7.3-T030  fSatu-:aarv  Ipnl 

•  aiiKt  «i  I  mu«s  snccct  222/334 

•  Mount  •  1000 

-  units  •  pg/ul 

-  quant  aus  •  334 

Entry  3  -  2,3,7,8-TCBu 

-  a«i ate  ail  ousts  escape  230,  322.  332.  2S7 

•  Mount  •  1000 

•  units  »  pg/ul 

•  9sa>rt  mss  »  320 

Entry  a  -  2,3.7,3-TGO  (Secondary  ion*. 

-  cat  at*  aii  us:u  escape  326.  322,  332,  257 
«  Mount  •  1000 

-  units  *  pg/ul 

-  quant  nss  •  322 

Entry  5  •  2.3,7,3-TOSO  (Tartlarv  low) 

-  cat at#  ai  i  Mssas  sxcecTUO ,  322,  332,  32S 

•  Mount  •  1000 

•  units  •  pg/ul 

•  auant  mss  »  257 

Entry  S  -  ^Cl  -2.3,7. 3-TC30  fRecovary  Int.  std.l 

-  ante#  JTi  mss«s  exclpt  228 

•  Mount  ■  200 

-  units  ■  pg/ul 

-  quant  aass  •  323 


4.0  ANALYSIS 

4. 1  Stntra 1  Desert  stl  on 

4,1.1  A  fly#  point  calibration  consisting  of  a  200  pg/ul  (1  ppb 

tqulvalant],  a  1000  pg/ul  (5  ppe  equivalent),  a  5000  pg/ul  (25 
pet  aoulvalant),  a  20,000  pg/ul  (100  ppb  aquivalant),  and  a 
20,000  pg/ul  (200  ppb  equivalant)  standard  must  ba  run  in  criplt- 
cata  and  a  linaar  rtsponsa  curve  generated  before  staples  are 
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enalyttd.  7h*  £30  59/ al  standard  Is  analyzed  at  the  Sinning  of 
a*ca  elgrrt  Sour  shift  te  verf  fy  systaa  performance  ana  conformity 
to  tft*  multipoint  calibration  (see  %  section  on  stanaara 
oacerwort).  Sasolts  art  recmed  in  *0  al  volumes  ana  rtauirt  no 
furwer  preparation  ay  the  GC/MS  litaratary. 

4.1.2  CSMPOSmOfl  OF  OWCSJfTaATIW  GMISAATION  SOlUTIOWS 


Solution  * 


CcnctHtratlon  of  2.2.7.3-TC30 


isgtooicaliv 

Uoeltd 

Unladei ed 

*12 

37CU 

12C-TC3P 

1 

1  ng/uL 

0.06  ng/ul 

0.2  ng/ul 

0.2  ng/ul 

2 

1  ng/uL 

0.12  ng/ul 

0.2  ng/ul 

1  ng/m 

3 

l  ng/uL 

0.2  ng/ul 

0.2  ng/ul 

5  ng/ul 

a 

1  ng/ul 

1  ng,'ui. 

0 

0.2  ng/ul 

23  ng/ul 

I 

0 

0.2  ng/ul 

40  ng/ul 

4.2  Procedures  for  SC/MS  Analysis  Initial  Calibration 

4.2.1  The  SC  conditions  for  all  stanoaros,  saaoles,  and  the  column  per- 
fonaane*  mixture  art  u  stated  in  Section  0.4. 


4.2.2  Tun*  and  allbrat*  tna  Instrument  as  in  stao  3.2  or  verify  oat 
O*  Instrument  lias  a  mb  tuneo  and  allbrat  w  within  Oa  past  *«sx 
and  has  performed  satisfactorily  «nen  last  used.  If  we  method 
has  not  DMA  performed  successfully  within  the  last  seven  cays, 
week  the  tune  and  rtalibrata. 


4.2.3  Acquire  Oe  seven  1  saner  £?A  test  mix.  If  no  isomers  art  co¬ 
eluting  with  2,3,7, 8-TC30,  proceed  with  4.2.4.  If  ca-eiution 
dees  occur,  we  conditions  must  oe  modified  or  oe  cal  uni  must  oe 
wanged.  The  KID  descriptor  7C  must  be  used  for  tuts  analysis 
(section  3.3). 

4.2.3. i  Determine  and  document  aeeeotaole  $yst«  performance 
with  the  following  criteria: 

A.  Five  data  points  for  each  GC  peak  are  acquired. 

8.  GC  column  performance  —  The  valley  between 

2.3.7.8- TCSO  and  We  peaks  rwrtstnting  all 
other  TC20  Isomers  must  be  resolved  wits  a  valley 
<255.  YalTey  5  •  x/y  x  100  when  y  Is  peak  height  of 

1.3.7.8- 700  and  x  Is  baseline  to  valley  height 
(Fig.  15. 

C.  Ratio  of  integrated  ion  current  for  o/z  220  to  m/t 
322  for  2,3,7, 8-TCDO  aust  se  _>  0.57  ano  <,  0.37. 
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mean  RF*  for  «ch  compouna  ao  not  31  f  fer  by  nor*  wan  _*  left,  tn* 
RP  can  be  consiaered  to  5*  1 naepefldtnt  of  analyte  auantity  for 
We  calibration  concentritlan  rjnge,  ana  we  nun  of  we  five 
nun  RFs  shall  be  used  for  concancratl on  calculations. 

4.2.7  Fill  out  all  ntcassapy  paperwork  for  the  standard  calibration 
QA/QZ  (see  QA/QC  section  for  ptoerworfc). 

4.2.3  Plot  wo  response  factor  vs  concentration  for  tilt  flva  point 
calibration  curve  for  QA/QC  reporting. 

4.2  Calibration  before  w*  start  of  each  eight  hour  snlft 

a. 2.1  Inject  2  ul  of  the  perforaanca  cnac  .  solution  as  In  4.2.3  - 
4. 2.3.1?. 

A.3.2  Inject  2  ul  of  We  concentration  calibration  solution  #1  (2u0 
pg/ul)  determine  and  document  acceptable  performance  for 

4.3.2.1  MS  sensitivity  -  signal-co-nctse  (S/N)  ritlo 

of  >  2.S  for  s/z  257  and  £  10  for  a/z  322  for  unlabeled 
2,377 .3-TC30.  The  ratio  of  integratad  ion  current  for 
a/Z  257  to  a/Z  222  must  be  _>  0.20  and  <_  0.45. 

4.3„2.2  Measured  resggnse  factor  for  unlabeled  2,3»7,3»7C30 
relative  to  13Ci2"Z«3,7 ,3-TCOO  Is  within  *  lOS  of  we 
mean  values  estaallshed  (Section  4.2)  by  Triplicate  ana* 
lyse*  of  W«  concantratlon  calibration  solutions. 

*,3.2.3  If  both  West  criteria  are  met,  fill  out  we  bottom  por¬ 
tion  of  fora  248A  (QA/QC  section).  If  We  RF  ratios  are 
within  10%  of  Wa  calibration  average  samples  may  wen 
be  analyzad.  00  .HOT  UPDATE  Wa  shift  stancard  to  Wa 
•  response  list,  use  «;S;T  only.  If  We  10%  criteria  are 
not  net,  reanalyze  We  shift  standard.  If  still  out  of 
bounds,  a  new  multipoint  must  be  run.  Multipoints  may 
continue  to  be  used  for  as  long  as  the  shift  standards 
conform  to  this  criteria,  xerox  a  copy  of  Form  248A  for 
Inclusion  with  We  shift  staederd  packages  and  an  extra 
copy  to  be  placed  in  the  Instrument  log  book  so  Wat 
subsequent  shift  standard  entries  may  be  made  on  we 
same  form. 

4.3. 2*4  Acculre  sample  analyses.  Saeoles  may  be  analyzed 
following  a  successful  shift  standard  analysis. 
Performance  standards  oust  be  rerun  within  every  eight 
hours.  The  injection  procedure  must  be  careful  ly 
aanered  to  to  avoid  eross  contamination.  If  we 
background  of  a  sasrale  analysis  remains  Mgn  towards  We 
end  of  an  aeauisltlon.  We  column  should  be  based  out 
for  an  extra  period  of  time  to  avoid  possible  enroma* 
tcgraphic  carryover  into  we  next  sample  injection. 
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Septa  should  be  changed  aftar  approximately  40  injec¬ 
tions.  Capillary  injection  port  liners  snouid  3e 
cleaned  or  exchanged  with  every  other  septum  change. 

Good  sense  and  experience  prevail. 

*.3.3  After  eignt  hours  from  the  injection  of  cne  column  perforaance 
cheek  solution  (4.3.1),  the  tune  is  over  and  the  performance 
check  solution  must  be  analyzed  again.  If  all  -criteria  (4.2.3. 1 
a-f)  are  met,  the  samples  analyzed  curing  tnat  eignt  nour  period 
are  acceptable.  If  cne  criteria  are  not  met,  the  samoles  must  oe 
reanalyzed. 

4.4  *or  all  injections,  a  hot  needle  injection  technique  is  used. 

4.4.1  Injection  Technique  (Hot  Needle)  -  The  syringe  must  be  thoroughly 
cleaned  between  Injections  to  avoid  cross  contamination.  Remove 
the  plunger  between  injections  and  wipe  It  thoroughly  with  a  kirn- 
tripe.  Rinse  Che  syringe  with  ten  to  fifteen  full  syringe  volumes 
of  hexane  solvent  wash.  Replace  the  solvent  wash  with  pesticide 
duality  hexane  daily.  If  a  Hamilton  syringe  eleaner  is  ivallaole 
that  is  equipped  with  a  vacuum  source,  use  this  also.  Do  not  use 
the  Hamilton  syringe  eleaner  If  there  Is  no  vacuum  pumo  attachtd. 
Insert  the  needle  into  the  septum  port,  wait  approximately  ten 
seconds  for  the  needle  to  heat,  then  pumo  the  plunger  back  and 
forth  a  few  times.  Rinse  with  the  solvent  wash  hexane  again. 

Work  the  plunger  up  and  down  In  the  syringe  barrel  to  reduce 
excess  hexane  wash.  There  should  be  approximately  Q.S  ul  of 
solvent  left  in  the  syringe  barrel  following  tnls  final  rinse. 

Draw  back  the  plunger  so  that  there  are  aoout  2  ul  of  air  in  the 
barrel.  Draw  2.1  ml  of  sample  into  the  needle.  Usually  to  get  a 
total  of  2  ul  of  sample.  It  is  necessary  to  pull  tne  plunger  back 
approximately  1.2  ul.  The  semole  snouid  be  crawn  up  Into  the 
barrel  and  the  amount  confirmed  to  be  2  .1.  If  It  Is  not,  the 
sample  should  be  expelled  and  process  repeated. 

After  getting  2.0  ,.l  of  sample  into  tne  barrel,  insert  the  needle 
Into  the  Injector  port  and  wait  6  seconds.  Rapidly  make  tne 
injection. 

After  making  the  Injection,  remove  the  needle  as  quickly  as 
possible.  As  soon  as  the  injection  Is  made,  start  the  GC. 

4.5  Identification  criteria  for  native  2,3,7,8-TCDO 

4.5.1  Retention  time  (at  maximum  peak  height)  of  the  sample  comoonent 
must  be  within  3  seconds  of  the  retention  time  of  the 
wCj2"2t3«7 ,8-TC50.  Retention  times  are  required  for  all  cnroma- 
tograms,  but  scan  numbers  are  optional.  These  parameters  snouid 
be  printed  next  to  the  aoproprlata  peak. 

4.5.2  The  Integrated  Ion  currents  detected  for  m/z  257,  320,  and  322 
must  maximize  simultaneously.  If  there  are  peaks  that  will 


217 


affect  the  maxialzatl an  op  quantitation  of  peaks  of  interest, 
attampts  snould  :•  made  to  narrow  one  scan  window  to  eliminate 
the  inttrfarlng  peaks,  This  should  a«  rtporzad  on  »  saoarnt 
cnrcmatograa. 

4.5.3  The  integrated  ion  currant  for  aacn  analyte  ana  surrogatt  com¬ 
pound  Ion  (m/z  257,  320,  322  ana  323)  oust  oa  at  least  2.5  times 
background  nets#  ana  .oust  not  have  saturated  the  aacactor;  intar- 
nal  stanoara  tons  (m/z  332  and  334)  oust  o*  at  lau:  10  times 
background  and  must  not  have  saturated  tna  dattetar. 

4.5.4  Relative  aounaanca  of  m/z  257  to  «/z  322  snould  9*  _>  205  and  £  455 

4.5.5  Abundance  of  intagratad  Ion  counts  dataetad  for  m/z  320  must  9a  > 

575  and  £  375  of  Intagratad  ion  counts  aacactad  far  m/s  322.  “ 

5.3  0SHVSRA81SS 

5.1  Each  sample  “package*  must  ineluda  the  following: 

a)  SIC  (1000  -  and  of  run) 

b)  Comp lata  quantitation  raport.  (Input  araa  and  scan  t  manually  If 
missed) 

c)  (SIC?  of  m/e  332;  a/e  334;  a/a  316,  and  m/a  313) 

d)  SIC?  of  320;  322;  332;  and  2S7J 

a)  (EICP  of  320;  322;  332;  and  323) 

f)  Quan  (320;  322;  257;  5  sc$ns)  The  canter  of  the  5  scan  wlnaow 
Is  tht  retention  time  of  i3Ci?-2,3,7,3-TC00 

g)  A  standard  package  inducing  all  of  (a)  througn  (e)  plus  an 
attached  copy  of  the  7C50  calibration  summary  (Form  243A) 

5.1.1  See  QA/QC  section  for  batch  reoort  deliveraoles 

5.0  TOTAL  !0N  CONFORMATION 

5.1  Inject  2  ..1  of  a  OFT??  solution  into  the  SC/MS  system  using  the  same  K 
conditions  as  stated  In  section  3.4  with  the  MS  scanning  from  35-450  at  1 
sac/ scan,  Raaulrtd  calibration  criteria  for  0FTPP  shall  oa: 


T/t 

Relative  Intensity 

"ir 

'iO  -  so  percent  or  oasa  peex 

58 

<  2  percent  of  m/z  ■  59 

70 

<  2  percent  of  m/z  •  59 

127 

40  .  SO  pareant  of  base  peak 

197 

<  1  pareant  of  basa  peak 

198 

100  pareant  (basa  patk) 

199 

5-9  pareant  of  basa  peak 

275 

10  •  30  pareant  of  basa  peak 

385 

>  1  pareant  of  basa  peak 

441 

lass  than  m/z  ■  443 

442 

>  40  pareant  of  basa  peak 

443 

17  -  22  pareant  of  m/z  •  442 

218 
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Injttcs  4  .1  c  f  tfte  positive  TOO  samole  using  tat  same  SC  conditions  in 
section  3.4,  MS  data  acquisition  rtqul renents  snail  pe: 

3.2.1  Cyclt  tint  <,  1.3  seconds. 

5.2.2  Acquisition  of  >  S  spacers  during  elution  of  2,3,7,3-TCOO  from 
the  SC. 

3.2.3  MS  scanning  from  150-350  at  1  stc/scan. 

3.3  Suotract  an  aporoorfata  background  sotetrua,  and  plot  a  soestru*  of 

2.3.7.8- TOQ  after  background  suotractlon.  (The  person  resoonstble  for 
MS  data  interpretation  is  responsible  for  demonstrating  that  she 
background  spectru*  selected  for  subtraction  Mas  an  appropriata  spectrum. ) 
Provide  a  hard  eooy  of  the  background  spectrum,  the  TOD.  spectrum  oefore 
subtraction,  and  the  TOO.  soectru*  after  subtraction.  The  quality  of  the 
plotted  spectrum  will  be  affected  by  other  sample  components  that  nave 
approximately  the  same  SC  retention  tine  and  will  be  nlgnly  varlaole. 
Desired  spectral  features  are: 

Sue  peek  •  a/2  322 
Ratio  of  a/z  320  to  322  •  0.77 
Ratio  of  a/z  320  to  324  «  1.38 
Ratio  of  a/Z  2S7  to  322  -  0.32 
Ratio  of  a/z  2S7  to  259  -  1.03 
Ratio  of  m/z  194  to  196  *  1.54 
e/i  160  and  161  •>,10*  of  a/z  322 
• 

Because  i3Ci2**2»3,7,3-TOD,  the  Internal  standard,  is  present  in  svery 
sarnie  and  nu  essentially  the  Sane  retention  time  as  unlaoeled 

2.3.7.8- TOO,  the  spectrum  after  background  subtraction  alii  reoresant  a 
mixture,  whan  l3Cp-2, 3, 7,3-7030  1$  presant  at  a  hlgner  concantntion 
than  unlabeled  2,3,7,3-7398,  the  resultant  soectrua  must  be  normalized  to 
m/z  322  to  demonstrate  desired  spectral  futures. 

7.0  SEE  QA/qC  SECTION  FOR  EXAMPLES  OF  ALL  PAPERWORK  NtCESSARY  FOR  COMPLETE 
REPORTINS  OF  SC/MS  DATA 
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APPENDIX  & 

DIOXIN  ANALYSIS  -  STANOARO  VERIFICATION 


1.0  Sumury 

1.1  All  standards  bought  commercially  mist  be  checked  for  both  purity  ino 
accuracy  of  concentration.  Th*  benchmark  standard  for  veri  f  1  catl on  of 
accuracy  Is  a  7.37  ug/al  stancard  of  native  2,3,7,8-TCOO  suopllad  by  the 
USEPA. 


2.0  Receipt  of  Standards  and  Standard  Chicks  of  Stock  Solutions 

2.1  Standards  racalvad  from  commercial  suoollers  of  dioxin  ara  checked  into 
tnt  building  and  logged  into  a  standard  notebook.  The  standards  are 
transferred  to  volumetric  flasxs  and  brought  up  to  volume  in  toluene.  A 
known  dilution  of  the  stack  Is  analyzed  dn  GCVMS  to  check  for  both 
purity  and  accuracy  of  concentration  vs.  an  already  approved  standard  of 
the  USEPA  benchmark  standard.  If  the  response  factor  agrees  *  10*  from 
the  check  standard,  the  new  let  Is  approved  for  use.  The  hardcopies  of 
the  standard  eheck  will  contain  ElCP't  for  all  compounds  of  interest 
from  both  the  new  standard  and  the  benchmark  standard  and  will  be  filed 
for  future  reference. 


3,0  Storage  of  Approved  Stendards 

3.1  The  aoproved  stoek  will  be  transferred  to  tared  numbered  and  labeled 
vials  (2  ml  size).  The  weights  of  the  standards  will  be  recoroed  (Form 
1).  When  a  new  standard  bottle  is  used,  it  Is  weighed  first  to  insure 
no  volume  less  during  storage.  The  stanoards  art  kapt  at  -»*C  for  no 
longer  than  six  ninths. 


A.O  Working  Standard  Solutions 

* 

A.l  Dilutions  of  the  stoek  solutions  are  made  for  all  working  standards  to 
be  used  In  the  extraction  laboratory  and  the  SC/NS  laboratory. 

a, 2  Before  use  of  the  working  level  standards  on  tamola  analysis,  the  solu- 

tlons  mist  be  approved  for  eoncentrstl on  and  purity  as  In  the  stoek 
solutions.  The  extraction  lee  standard  Is  analyzed  hy  GC/HS  and  com¬ 
pared  to  the  shift  calibration  solution.  If  the  calculated  amounts  are 
*  10*  of  sxpecttd  Mount,  the  standard  Is  aoproved  for  use  in  the 
extraction  laboratoiy.  When  new  SC/MS  shift  standards  are  iimde  and 
approved  as  above,  a  new  five  point  calibration  In  triplicate  mist  be  run. 

4.3  Working  standard  solutions  are  stored  «  per  Section  3.0 


5.0  Standard  Nottooox 


S.l 


'«?'  4r?  1095,9  1n'°  4  S5*ndard  nataooo*  Wat  inducts 
1°  us*?'  40 ^ vents ;  any  proolara  sneotmtarad;  cata  ■naaa;  data 

axofrad;  vaignts  of  taw  standard  cantainar;  concentration;  approval  data. 
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*ef.  * 


Lot  * 


Standard  or  Stock  Solution  * 
ConoouiM(s): _ 


Or!  glnt  I  Cone.  Solvent  ______ 

Sol ‘n  Preoartd  By  . 

Cental ntr  T*r«  (grew )  Container  • 

Conttlntr  Sro«  (grias)  ___________ 

Special  Notes  :  ________ 


__  Total  voIum 
at  Oata/Tln*  ___ 
Solvent  (graos)  _ 


Annex  6 


SUMMARY  OF  QA/QC  RESULTS  FOR  2,3,7,8-TCDD  ANALYSES 

6A  COMPARISON  OF  SOIL  PREPARATION  PROCEDURES  AND  TRIPLICATE 
ANALYSES  OF  CONTAMINATED  SOILS 

6B  ACCURACY  AND  PRECISION  RESULTS  FOR  2,3,7,8-TCDD  ANALYSES 

6C  RESULTS  OF  DUPLICATE  LABORATORY  THERMAL  DESORPTION 
EXPERIMENTS 
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Annex  6A 


comparison  of  wj  preparation  teowmiies  for  analysis 

OF  2,3,7,3*7C30  IN  UNTREATED  SOILS 


son 

Mirttlfl  cation 

ac:o  arttr**e»flt  ana 
soxnUt  w/b«ntan* 

»*r  tttnoe 
*/h*xamMWtNinoI 

*« 

a* 

UO 

994 

01 

ill 

98 

Jt 

97.2 

104 

s  •  134  RSU  •  7.28 

x  •  100,4  RSI  •  348 

SjMn 

93.9 

71 

?3im 

98 

79 

Sgiln 

112 

S8 

i  •  101 J  RSO  .  9,» 

x  •  72.7  RM  •  7.28 

8CK 

*70 

497 

tUMJk 

•*C»C 

SOI 

420 

noc 

sxo 

AM 

I  •  4*3.7  430  •  A  J* 

i  •  438.7  230  •  US 

*ac  >2 « 

148 

IM 

?•  1*8  J 

Um  7JU7-9 
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SUTWWY  OF  2.3,7  ,a-rao  OA/OC  RESULTS 


Mean  oercant  accuracy  »  97. 4 
Stand* re  deviation  •  24.5 
Percent  4SO  «  25.2 
Nuner  of  data  points  •  55 

aw8Cfsion 


Triplicate  analyses  of  starting  son 


Soll/Metnoo 

Mean  fanbl 

SIKoohl 

5  9  SO 

1)  JI/soxliUt 

tm 

9.4 

9.4 

2)  Sglln/soxftlat 

105 

7.7 

7.3 

3)  fCSC/sojtfilet 

493 

2D.9 

4,3- 

4)  31/Jar 

72.4 

3.4 

7.4 

3}  Sjl  In/Jar 

too 

3.2 

3.2 

6)  aCJK/Jar 

455 

38.3 

dO 

Ouolleit#  AnalysM 

l)  Sanies  ID 

J21 55/02155 

variation*  • 

0.47% 

Naan  Concentration  ■ 

145.3  son 

2)  Sanies  IQ  > 

319*2/319*5 

Variation*  ■ 

39% 

Mean  Concentration  • 

0.36  ooD 

2)  Sanies  IQ  ■ 

32204/32253 

Variation*  • 

6.4% 

Kean  Concentration  • 

25.4  000 

10  Plants  out  of  *S  sanies 

•  225 

a 

i“  *2 

X  too  ■  WH)  {relative  oereent  aifferenea). 


9301  7A-SUKNMV 
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Annex  7 


ANALYTICAL  DATA  SHEETS 

7A  2,3,7 ,8-TCDD  RESULTS  FOR  UNCONTAMINATED  AND  CONTAMINATED 
SOIL  SAMPLES  USED  FOR  LABORATORY  THERMAL  DESORPTION  TESTS 

7B  2,3,7,8-TCDD  RESULTS  FOR  SOIL  SAMPLES  AFTER  LABORATORY  THERMAL 
DESORPTION  TESTS 

7C  ANALYTICAL  REPORTS  FOR  HERBICIDE  COMPOUNDS  IN  SAMPLES  BEFORE 
AND  AFTER  LABORATORY  THERMAL  DESORPTION  TESTS 
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■■Ml 
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Annex  7C 


XT  CQ&PGfcAXXQM 


IT  ANALYTICAL  SERVICES 

*5* 5  s -e  *  /.  ie  ""'-essee  :'52’  •  i  '•  z-zcc-?~y 


CERTIFICATE  OF  ANALYSIS 


to  17  Technology  Development 
ATTN:  Dick  Helsel 
312  Directors  Drive 
Knoxville,  TN  37923 


02SS5  ,'rOM2S«. 


November  2S,  198- 
I7DK  19028 
ITTD  3736.04 


Sanole  Description:  Six  (6)  solid  samples  received  November  20,  1984 
Concentration  units  are  ug/gram  (ppm) 


2.4-0 

2,4,5-T 

437-14-3 

0.47 

0.15 

437-14-4 

0.16 

0.21 

437-14-5 

0.16 

0.24 

437-3-5AF8 

1200. 

1700. 

437-4-01 

900. 

390. 

437-13-1 

370. 

710.' 

Blank 

•  0.039 

0.032 

Swcrr. :« ir.a  luocnato  stior*  rr.t  ?0»h 


sen's: _ iiovMher„,J.9aA - 

MV cammtaun tlpim  ,l*miiny  IS,  lOftft 


AestrvwpV 

Utacatary  Hanagac 

T.:* 


rHk  •*cefvc!i*|s  w»  *m*nean  A aarmef.  :af  ijsemratv  ABjmitsner.  .n  m*  mtmieai 
VSflm  9r%  :.*te  v  •tm.'.q  a  jx*q  s>  in*  rjmi  A>iA  :a*cnrv  :i  AcavonM  usenacnM 
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it  eavounoN 


IT  ANALYTICAL  SERVICES 

:3'5  Vooes'CCK  3>9*^rc»v:.«  “a-rajs**  2~ri2'  •i::r-:=3":- 


CEBTIFICATE  OF  ANALYSIS 


IT  Technology  Development 
ATTN:  Dick  Hebei 
312  Directors  Drive 
Knoxville,  TN  37923 


Sample  Description:  437-14-3 

ACID  EXTRACTA8LE  ORGANICS  -  PRIORITY  POLLUTANT  ANALYSIS 


Concentration 

Concentration 

Comoound 

ppm 

Compound 

ppm 

2-chlorophenol 

NO 

4-nltrophenol 

NO 

2,4-dlchloroohenol 

NO 

p-chloro-m-cresol* 

NO 

2,4-dlmethylphenol 

pentachlorophenol 

NO 

(m-xylenol ) 

NO 

phenol 

NO 

4 , 6-dl  nl  t  ro-0-creso 1 

NO 

2,4,6-trlchlerophenol 

NO 

2,4-dinltrophenol 

NO 

2,4,5-Cl3  phenol 

2-nltrophenol 

NO 

a«anaWiea 

Remarks:  NO  »  Not 

detected 

<1.0  ■  Detected  but  it  <  level  less  than  the  lower  quantitation  limit  of  1.0 
ppm  {parts  per  million}. 


:Anr<5K57S  Novemoer  30,  1984 

SRCJSCT  cccs.  :tdk  19023 

cassa mass,  ittd  9736.04 


.  v- 

•Shafer 


f  fWI  J*rra:»e  zr  «•  >.?.•*««  Aa&amer.  ter  Utemwrv  «s»oiiana«  as  im  «r,wmcoi 

:«L3  Si  TOf.g  9  JK  SB  fit  iUlflMU  AAU  JlBW  91  Aer»CSJ«a  USCRMnM 


!? 


IT  ANALYTICAL  S22VIC2S 


CERTIFICATE  OF  ANALYSIS 


*3  rr  Corporat 1  on 
ATTN:  A,  Groan 
312  01  factors  Drive 
Knoxville,  TN  37923 


;ats SSPCSTS  June  25,  1985 

rsc.'srrrcti  itok  20085 

csrss:r.T.i3r.  Project  49736.04 


Sample  Description:  44540,  Clean  soil,  5-2-35 
Concentration  units  are  ug/gram  (ppm) 


437-14-3 

2,4,5-TrlcMorophenol  NO 


Remarks:  NO  «  Not  detected. 
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rr  catrcuunoN 


IT  ANAlYTiCAi  S22VICES 


i  V0s:e5?CS.<  2  »«  •  *  ‘Or-.  ■•«  "**"?S35« 


CSRTIFICATH  O?  ANALYSIS 


ATS  “S?C  RTSS' 
?SC.SCT  TOSS 
:?.2sa  N",?/S5.“ 


Novemoer  30,  1984 
ITCK  19028 
ITTD  9736.04 


IT  Tecnnology  Development 
ATTN:  Dick  Helsel 
312  01  rectors  Drive 
Knoxville,  TN  37923 


Sample  Oescrlotlon:  437-14-4 

V  * 


ACID  EXTRACT ABLE  ORGANICS 

Compound 

Concentration 

oom 

2-cJilorophenol 

NO 

2,4-dichloropnenol 

NO 

2,4-dlmethylphenol 
(m-xylenol ) 

NO 

4 , S-dl nl tro-O-cresol 

'10 

2,4-dlnltrophenol 

NO 

2-nltrophenol 

NO 

Remarks:  NO  « 
<1.0  » 

Not  detected 

Detected  but  at  a  level 

ppm  (parts  per  million) 


PRIORITY  POLLUTANT  ANALYSIS 

Comoound 

Concentration 

oom 

4-nitrophenol 

NO 

p-chloro-m-cresol 

NO 

pentachlorophenol 

NO 

phenol 

NO 

2,4,6-trf  chlorophenol 

NO 

less  than  th*.  1c*er  quantitation  limit  of  1.0 


vsrf.  t  ;.-,2  r»ri?ns«  S«ior*  r-1 


TE 


30tn 


November.  _ 

«r. . .  J«nu»y  16 1  M. 


\  Noarv  rusft  /  * 


_ 6xid2£U — 

Afitirev#o  if 

Laboratory  flanagtr 


<jjrtni*a  sv  ™  *jr.«n«r  Aassansn  -sr  -sssraory  Aesmaiawf.  :n  »«  »«mies: 
,  j  •:  u  Sr-.  'n«  rjfrtca  timewnr  ;;  Aesr»M»e  '.ssoraBM* 


ircowounoH 


IT  ANALYTICAL  SERVICES 

;s*  z  •  *rc<v  .*?  ''•?r~*$3ee  ;7r2*  •  4*  ? 


CERTIFICATE  OF  ANALYSIS 


73  IT  Technology  Oevelooment 

ATTN:  01 ck  Helsel 

312  Directors  Drive 

Knoxville,  TN  37923 

tA.sSSrCRtST  November  30,  1984 

?SC  ™  ZZZZ  ’TDK  19023 

c.-cr. NCMBEL  ITTD  3736.34 

Sample  Description:  *37-14-5 

ACID  EXTRACTABLE  ORGANICS  -  PRIORITY  POLLUTANT  ANALYSIS 


Concentration 


Compound 

oom 

2-chlorophenol 

NO 

2,4-dlchlorophenol 

NO- 

2,4-dimethyl  phenol 
(m-xylenol ) 

NO 

4,S-d1n1tro-0-cresol 

NO 

2,4-dlnltrophenol 

NO 

2-nltrophenol 

NO 

Remarks:  NO  ■  Not  detected 

<1.0  ■  Detected  but  at  a  level 
ppm  (parts  per  million) 


Concentration 


Compound 

oom 

A-nitrophenol 

NO 

p-chloro-m-cresol 

‘no 

pentachlorophenol 

NO 

phenol 

NO 

2,4,6-trl chlorophenol 

NO 

less  than  the  lower  ouantitatlon  limit  of  1.0 


Swcrr. :s  ins mt»ens#a svtort r.« !ha..  3fltP. 
sav ::  Nnwwhr,  1QB4 

MV isfnmassn txpirw  January  16.  1988 


ACSfSVIS  i/ 

_ Laboratory  Manager 

T.:,« 


nsa  *JW*s two  s y  mi  A.minssn  Aaesrr.or.  'cr  ioooretor.'  Asswaitanon  .nmi  cn.ttuea 
.ns  ji  'Mins  a  -.-jus  a  im  vatint  AAUk  Sirsaeiv  »  Assfscuia  .staratoni. 
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it  ragwunon 


IT  ANALYTICAL  SERVICES 


CERTIFICATE  OF  ANALYSIS 


~  IT  Tecnnology  Development 
4T?N:  01  etc  Helsel 

212  Directors  Drive 
Knoxville,  TN  37323 


Saniole  Description:  Three  (3)  soil  samoles  received  December  18,  198* 
Concentration  units  are  ug/grara  (ppm) 


?5C 


January  16,  1985 
ITOK  19206 
9736.03 


437-25-1 

437-25-2 

437-25-3 


..SA2-  -liLliL 

<0.047  0.016 

<0.012  0.0008 

<0.031  0.003 


j'.VC-  3T. 5  JUSSirSM  C*M/*  -*  Til  Ifi^h  -  - 

" - January  ,-1986  — I - 

Mv  ::r.r,:n»n  »cn  ..larmapt.  16^— 198&. 


ASSfT.VC  tV*’ 


1  xhnratnry  Managar 


m^rwa  iWMWiers*  «itBJ Auonsnon sf Liscraciv Aesmaxs:'.  rs* -r»tr.:;y. 
fWepelgfV  ■ .  s  ::  .wr.j  js  J«  -,ri  r-T.ru  AALA  Ijacaiv  :i  A«r*si*j  ^icg.-esr.M 
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I 


IT  ANALYTICAL  522VIC2S 

*s*i  V'jsiecr::*  Si<9 


treatfouRox 


CERTIFICATE  OF  ANALYSIS 


IT  Tecnnology  Development 
ATTN:  Dirt  Helsel 
312  Directors  Drive 
Knoxville,  TO  37923 


;a“  SEtCaTs;  Noveroer  30,  1984 

?ac.-srr  cc=s  itok  1902S 

C.TCSi.VLT/.BK  ITTD  9725.04 


Sample  Description;  437-13-1 

nc  »«•  «*«»• 


r 

l 

ACID 

EXTRACTABLE  ORGANICS 

-  PRIORITY  POLLUTANT  ANALYSIS 

Concentration 

Concentration 

1 

Comoound 

oom 

Compound 

som 

1 

2-chlorophenol 

NO 

4-nttrophenol 

NO 

f 

2,4-dlchlorophenol 

1.1 

p-cnloro-m-cresol 

ND 

I: 

2, 4-dl methyl phenol 

pentachloropnenol 

ND 

(m-xylenol) 

NO 

<' 

1 

NO 

phenol 

NO 

4,6-dlnltro-O-cresol 

l 

2,4,6-trl  cnloropnenol 

NO 

2,4-dlnltrophenol 

NO 

2,4, 5— C I 3  phenol 

33. 

' 

2-nltrophenol 

ND 

Remarks:  ND  •  Not  detected 

<1,0  «  Detected  but  at  a  level  less  titan  the  lower  quantitation  limit  of  1.0 
ppm  (parts  per  million). 


«aiens»o  zr.it*  -r.a 


vt  eatfoaxTUtt 


IT  ANALYTICAL  S22VIC2S 


CERTIFICATE  OF  ANALYSIS 


“  IT  T«chno1ogy  Oevelooroent 
attnj  01 cx  Heisel 
212  Director*  Orlve 
<noxv1;1*.  TN  37923 


pp.c^rrccri 
caosa  .'fCMasa 


NovtiNStP  30,  1384 
ITOK  19028 
ITTO  9736.04 


Samel*  D«$cr1pt'ion:  137-4-JI 


ACID  EXTRACTABLE  ORGANICS 

-  PRIORITY  POLLUTANT  ANALYSIS 

Concentration 

Concentration 

C  amount! 

oon 

Comoound 

oon 

2*chloroph*no) 

NO 

4-n1troph*nol 

NO 

2,M1chloroph*nol 

1.9 

p-ohloro-a-crasol 

NO 

2,4>d1aathylpbano1 

pantacbloropbtnol 

NO 

(M«*y1enol) 

NO 

pftanol 

NO 

4 , 6-dl  nl  t  ro-0«er  **o  1 

NO 

2,4,6-trlcblorophanoi 

M 

2,4»dln1trophenol 

NO 

38. 

2,4,5-Clj  phanol 

2»n1tropnenol 

NO 

Atmants:  NO  •  Not  dtttcttd 

<1.0  ■  Ottactad  but  at  a  l*v*l  ltss  than  tnt  lower  quantitation  Halt  of  1.0 
ppm  (pares  par  Million). 


sr. 2  i^izr,:*z  rri**  rr.t  tr.'j , 
_ _ L9B4_ 


JQttu 


*rc\m , 


»»*- 


January  16.- 1988 


‘iudrv  Pusui 


3 ftU  AM 


Aaarwi  :v 


.✓/• 


«•%  .nj*  ,iwf*a:*s  sv  t  A.rv»ff«n  Anor.xwr,  ;e(  Ucoweir  Assnuaaaen  .*  "«  estflisa. 
VM  iSF%  ♦.»  v  -«rtf.s  a  jm  ji  ?*  farm  >AIA  :«ta»  si  «n»eii*c  ^sshmmi 
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tr  eaafounoM 


IT  ANALYTICAL  S2SVIC2S 


:3' ;  Mics'scrcci  -  >i  •  “.m v  "■J-'ass**  3*32'  •  • 


CERTIFICATE  OF  ANALYSIS 


20  !7  Technology  Development  :ats  :<SPC5T£S  Novemoer  30,  19&A 

ATTN:  Dlcx  He!s«!  =5™:::;  ITCK  13023 

312  Directors  Drive  2KSR NLM3ER  jtjo  9733,04 

Knoxville,  TN  37923 


Seaple  Description:  437-3-EAFB 


ACID  EXTRACTABLE  ORGANICS  -  PRIORITY  POLLUTANT  ANALYSIS 


Concentration 

Concent rat 1 

CorgOUM) 

pom 

CoroounO 

pom 

2-chloroohenol 

NO 

4-nltroohenol 

NO 

2,4-oicMorooNenol 

2.4 

p-ch1oro-«-cretol 

NO 

2, *-01 methyl phenol 

pentechlorophenol 

NO 

(o-xylenol) 

NO 

phenol 

NO 

4 , 6-01 nl tro-0-cr#tol 

*> 

2,4,6-trlchloroonenol 

NO 

2,4-01 nltroohenol 

NO 

2,4,5-03  pnenol 

20. 

2-nltroohenol 

NO 

Remrits:  NO  •  Not  fcteeteo 

<1.0  •  OeteeteO  Put  »t  1  level  lets  then  the  loner  quentitetlon  Halt  0 *  1.0 
0P«  (perts  per  eltllon). 


ivt~  ■;  ass  MSKRsvo  s*sf«  jm  i»»  .  in»H 
s r/r.  .  -  .Nnveeher,  13BA. .  . 


Mv  rsnvTtaar  mtjv*  . 

V  — 


-WiSU.. 


_ 1«r 

Xts&s&L 

:r/PusL£  / 


m 


NoeVfcisfce 


.  **  "  V'-: 

4£f 70*00  VT 

. - „  . . — .  Ijtanrjitftfv,  .aiructr 


Skflk pjjk  Assts**  2v  t*  *&***»  i-.* LstM^rr  Aesocmn •  t  ** 

**  a*  ‘#*»s  a  Mo  a  a*  f-fm  Aji*A  Imrov  r  A£»*ej»a  «iac#ta«n» 


‘••vn  **  / 


rs  cowojumw 


IT  ANALYTICAL  SI2VICZS 

.’■SUK’if*  S-«V  •  -  -?x.- •«  '*•—»««  :'K' 

CERTIFICATE  OF  ANALYSIS 


Jemiiry  Is,  1985 
ITOK  19206 
9736.03 

<flOxvl lie,  TN  37323 


Swell  Description:  137-25-3 


IT  Tjcfinology  levelooment  cats  r«2?:.'rn 

ATTN:  Dick  '^else'  :::: 

312  01  rectors  Drive 


ACID  EXTRACTABLE  ORGANICS  -  PRIORITY  POLLUTANT  ANALYSIS 


Concent rst  Ion 

Concent ret ion 

Cwroouncl 

BOB 

Cowoounrt 

30* 

2-cnlorophenol 

SO 

A-nltropnenol 

SO 

2,A-d1«ntoroonenol 

■SO 

p-Chloro-w-cresol 

so 

2,i-d1«*thyl0ft«nol 

pentecnloroohenol 

so 

!«-«y l*nol ) 

NO 

phenol 

so 

4 , 5-di  nl  tro«Q»creso ) 

NO 

2, A , 5- 1 H  ch 1 oropnenol 

so 

2,1-dlnUroontnol 

SO 

2-nltroonenol 

SO 

ReoeHts:  ?i0  • 

Sot  detected 

<1.0  • 

Detected  but  it  i  level 

less  then  we  lower  ouenmetton  Unit  o t 

1.3  oo«  (dirts  per  at! Hon) 

1 .  :r  :  .-.siKtite  srsr»  *♦  •*.!  -l&th 

wr _ JAButry.  1985  .. 

-.*»  Jiffl)eryl6.  1388 


Libcritery  Hntger 


S^SSkrSX  s*  *♦  *!»«*&» 4«f«aw ‘«£K»a» ■  *** 

WMI9P%  ♦  ft  ?  ♦*•**  »  *  *t  ri?"%pR  r  **«*£»** 


T 


IT  ANALYTICAL  SZ2VIC2S 

5i*5  V  ;rasftc<  3 -4  18  ”8"*?SSS8  **: 

CERTIFICATE  OF  ANALYSIS 


!T  T»cnno!oqy  Develoo«ent 
ATTN:  Dick  Helsel 
312  Erectors  Drive 
Knoxville,  Vi  37923 


DA  ,z?xS?z-.-..z2  January  15,  1985 

--c^r  rrox  1320s 
jaCK.WVSO  9726.03 


Staple  Description:  437-25-2 


ACID  EXTHACTMU  ORGANICS  -  EQUITY  POLLUTANT  ANALYSIS 


Concent ret ion 

Content  ret 1o« 

Sonaound 

Cnnoound 

□oa 

2-chloropNenol 

NO 

JUsnltrophenol 

NO 

2,4-d1chlorop«enol 

NO 

p-cMoro-*-cresol 

NO 

2,4-dleetNyIpNenol 

pentecMoroonenot 

NO 

(a-xylenol ) 

NO 

pNenol 

NO 

M-dtnltro-O-cresol 

tc 

2 , 4 , 6-t  r«  cn  1  orpon«no  1 

ND 

2,4-d1n1tropn««o! 

NO 

J»n1tropne«ol 

NO 

ReaeHts:  NO  * 

Not  detected 

<1,0  * 

Detected  Nut  it  e  level 

less  then  y>e  io*er  cuentHetion  Malt  oY 

i,0  ppa  (pens  per  milton) 

r '  «us»S*.t«9  swet*  -1 _ U 

i— •  ;  Jlnntil IONS _ _ 


Mv  re*aj*et  . 

\ 


PBSW 


KM 


*arv**:  r. 


F  WW  >iTl*743 


;v  "*»  AMfcgjgg*  *gt •Lise*#:?*  -g?.;*  .*  >5 

♦  t  r  u  w*«*  ***■  tj* mr  v  *£s*a.Nifc  '^9^1 
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17  ANALYTICAL  SERVICES 

vcserrt*  ease* 


;  u:  i 


.7  COOWBARON 


CERTIFICATE  OF  ANALYSIS 


17  Technology  Develooment 
HN:  Die*  Helsel 
312  Directors  Drive 
Knoxville,  TN  37923 


-A. j. January  16,  198S 
?5C.s..  Z-ZZ  ITOK  19206 
C«£!  9736.03 


Sample  Description:  437-25-1 


ACIO  EXTRACTA8LI  ORGANICS  - 

PRIORITY  POLLUTANT  ANALYSIS 

Concentration 

Concentration 

Compound 

oo  m 

Comoound 

oom 

2-ctilorophenol 

NO 

4-nitropnenol 

NO 

2,4-di chlorophenol 

NO 

p-cMoro-wcresol 

NO 

2 ,4-dimethyl  phenol 

pentacnloropherol 

NO 

(m-xylenol 1 

NO 

phenol 

NO 

4 ,6-dl  nnro-O-crasol 

NO 

2 , 4 , 6-t  ri  c«  1  orcphenol 

NO 

2,4-dinitrophenol 

NO 

2-nitropn«no1 

NO 

Remarks:  NO  • 

Not  deleted 

<1.0  - 

Oetacted  but  at  «  level 

less  than  tne  lower  uantitadon 

limit  Of 

1.0  poo  (parts  per  million) 


iw:-  't  ara  r.s»rr.t«a  s»Wf*  m*  -*j. 


IT  eamUROM 


IT  ANALYTICAL  SERVICES 

5515  Mrcrecrco  -*t<6  •  -<"cvv  s  "*--?5a*e  I'iZ' 


CERTIFICATE  OF  ANALYSIS 


TO.  IT  Technology  Development 

OATS  "HTCaTTT 

Novencer  29,  198* 

ATTN:  Oic*  Helsel 

?5C.sCT  TOPS 

I  TDK  19029 

312  Directors  Drive 

Knoxville,  TN  37923 

T.TTi^  NtPrtSs.* 

ITTD  9736. DA 

Samola  Description:  tight  (8)  solid  samples  received  Noveroer  20,  1984 
Concentration  units  are  ug/grara  (ppm! 


Arsenic 


*37-14.1 

<10 

*37-14-2 

<10 

*37-14-3 

<10 

*37-1*-* 

<10 

437-U-5 

<10 

437-3-2AF3 

<10 

*27-*WI 

<10 

*37-i3-l 

<10 

Ivor*  -  j  sra  saar*  rr.»  *j_2£ta_ 

a-**.*  :• _ Unwahtr,  I9M _ 


utv  “.’T.tutcr,  January  18  ,  IQftS 


»**  * 

A- 


No*dtv 


*^j>-  *-** 


*  V  *.**»  <-  I 


5/ 


Moratory  ^iragt.- 


afc^e  PJ*  iv  KT.t'rs?  -*»oS3r.:n  !•  -3i;rr;r»  •-*•  e--'*,:!. 

k  js  nets  a  ai*e  ■  •*  re?*r  I  «K*e*r  a  c=xxj«c  jsj  xtf*t 
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Annex  8 


EXPERIMENTAL  DATA  -  LABORATORY  TREATABILITY  TESTS 

8A  SUMMARY  OF  TEST  DATA 


8B  TEST  DATA  LOGS 


Annex  8A 


Anne*  8B 


V  *  HP  i 

Treatment  Test  Oata  Log 

.ntreatec  soil  leant: float: on  **  43*7 ~  4-T*L 


Section  No.:  1QA 
Revision  No.:  2 
Sate:  Oct.  15,  13S4 
Page:  2  of  2 


Oace  or  test 


llM 


tad  soil  i cent: float: on  _ 

4  3*!-CU  ftp  \T  Sv  ft- 

Treatment  Test  Conditions 
Taraet  tanoerature  4*7  b 

*C  (test)  Purge  3as  4  “low  Rata 

0  *  1  t/min 

Target  residence  time  >  5* 

minutes  Soil  depth  i~  "i- 

___JTTO 

Soecial  conditions 

Actual  Test  Data 

1.  Test  tray,  utensils  cleaned  <'0/2.5/64 

2.  Soil  quantity  ChecK  soil  depth/uniformity 

Weight  of  tray  t-  » 

42VV7 ..... 

orams 

Weight  of  tray  plus  soil-start  -  _ 

4(.4-41 

crams 

Weight  of  untreated  soil-  -  __ 

qrass 

Weight  of  tray  plus  soil-  end  -  __ 

Ifel-  (.*? 

drams 

Weight  loss  during  treatment  -  __ 

1  , 

orams 

2.  Data  Record 

V 

Time  (min. 
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.■r.traatas  soil  identification  4*  i  ~  >  ^ -  *u f.  '■> *•  -  \  lata  of  Test _ 

T -sates  soil  identification  4?7  “‘3~-  Ac\^lt  3y  £[ 

A.  Treatment  Test  Conditions 

Target  temperature  4  Vs  aC  (tast)  Purge  Sas  i  Flow  Rata  o * 1 

Target  residence  tima  m 0  minutes  Soil  death  -  ‘  3 

Soecial  conditions 

3.  Actual  Test  Data  . 

1.  Test  tray,  utensils  cleaned  h7  I  &  >~ 


2.  Soil  guantlty 


J.  Data  Record 
Time  (min.) 


d  *-n  _ 

Chec*  soil  depth/unlformity 
Weight  of  tray  S 
Weight  of  tray  plus  soil-start  - 
Weight  of  untreated  sol 1 - 
Weight  of  tray  plus  soil-  end  »■• 
Weignt  loss  during  treatment 


Temo.  (*C) 

Oven 

Indicator 


&JS 

Apt0’ 

<RtO<. 


Test 

(»K) 

24 

4$ 

Oo 

yn<* 


Tima  (nln.) 


Oven 

Indicator 


4.1  1  •  L~U  arams 
4  (>  1  D  5  grams 
$L  *1  *4  ^  grams 
AfcO'  5*1  crams 
074  grams 

Tw.  (*C) 


41  \ 

-KJi.w— ■ 


JLSiL 

4o% 


4X6 
4  Vo 


_ 


Purge  gas  flow  -  initial^ 

-  «1nt! _ 

3.  lartnents/Observatlons 


(Uj*Wj££.  v 


Figure  10*  1A 
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***  M  \  ^ 

Treatment  Tast  Data  Leg 

Jntraatee  soil  •  certification  A?3 ^T. 

Treated  soil  identification  ^3*3  *  -M-  ^'iTT* 


Section  .No.:  ISA 
Revision  No.:  2 
Sata:  Oct.  IS,  LS3C 


Data  or  Test 


2  of  2 

z.h 


is? 


Treatment  Test  Conditions 

Targat  temperature  A\c  °S  (test)  Purge  3a s  J  Plow  Nate_ 

Target  residence  time  ~c  minutes  Soil  ceotn^ 

Special  conditions 


L.  ~  % 


.v! 


C'l  f 


rn  a-w 


3.  Actual  Test  Data 

1.  Test  tray,  utensils  cleaned 

2.  Soil  quantity 


3.  Data  Record 
Time  (min.) 


Temp.  (*C) 

Oven 

Indicator 


ikihi 


Cheek  soil  depth/uniformity 


Weight  of  trsy  JS- 

*33  % 

crams 

Weight  of  tray  plus  soil-start  - 

Alol  fe3 

crams 

Weight  of  untreated  soil- 

.  a* -3  3 

crams 

Weight  of  tray  plus  soil-  end  - 

crams 

Weight  loss  during  treatment  -  _ 

i-ri 

crams 

Test 

(N3S) 

2-\ 


Time  (min. 


Temp.  (SC) 

Oven  Test 

Indicator  (NBS) 


o 


.‘ntrsatad  soil  identification  _ 

Treated  soil  icer.tification 

A.  Treatment  Test  Conditions 
Target  temperature  4)  6 

Target  residence  time  40 

Special  condi ti ons 

3.  Actual  Test  3a ta 

1.  Test  tray,  utensils  cleaned 

2.  Soil  quantity 


4  AF  \  U 

"rietaent  Test  Data  Log 

431  “  3  “  StrFfr 


Data  or  iss 

.t 


Section  N'o.:  1CA 
Revision  .’Jo. :  2 
Date:  Get.  15,  15S-J 
Page:  2  of  2 

'Jlkr 

T 


4]2z2Ld±£Ml  2  v  * 


*C  (test) 
minutes 


Purge  3as  4  "low  Rata. 
Soil  deoth 


C-! 


i/ain , 


am 


-h  li£ 


3.  Data  Record 
Time  (min.) 


Check  soil  depth/unifonaity 
Weight  of  tray  it 

Weight  of  tray  plus  soil -start 
Weight  of  untreated  soil- 
Weight  of  tray  plus  soil-  end 
Weight  loss  during  treatment 


■43 1  •  =>*fc 

crams 

4  a  v  l 

crams 

3c>»79 

crams 

4  t, '  -74 

‘  crams 

_ _ 

arams 

Temp.  (*C) 

Oven 

Indicator 

52- 


Test 

(MS) 


Time  (min.) 
1 1 


* 

T 


T'.-U 


;c  :ro 


12- 


IS 


*Q  L 


Aft"? 


4o3 


40.3 


46 ; 


4(»? 


■A, -a _ 

AflC. 


40? 


.IrSA 


20. 


ns 


si  i 


-laae 


46? 

■MMWM 

431- 


i-**“ 


222=- 

43  U. 


Oven 
Indicator 

•fo? 

403 


Temp.  (*C) 


Test 

( ?18S ) 

43  a. 


4v 


Purge  gas  flow  •  initial. 


G  - 1 


.  ** 


nal 


_i/min 

t/min. 


9.  Coiraitnts/Observations 


Figure  10- U 
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Annex  9 


PARTICLE  ENTRAINMENT  THEORY 


261 


PARTICLE  ENTRAINMENT  THEORY 

Thera  ip*  cnree  equations  of  interest  to  estimate  entrainment  velocities  of 
particles  in  air.  Th«s*  correlations  do  not  determine  tne  rata  of 
entrainment. 

1.  The  horizontal  fluid  velocity  r*auip*d  to  causa  a  spnerical  particle  ac 
p*st  ort  a  bad  of  solids  (soil)  to  lift  off  tat  sad  is  aaolctad  in  Figure 
G-I,  assuming  a  particle  density  of  2.5  g/ec  and  air  temperature  of 
2000 *F . 


(Reference  A) 

wnere:  u  ■  fluid  velocity  (ft/sac), 

g  ■  gravitational  constant  (32.3  ft/sae*), 

On  •  particle  diameter  (ft), 

9~  ■  particle  density  (Ib/ft1). 

Of  •  fluid  density  (lb/ftJ) 

This  aquation  does  not  account  for  viscosity  of  tne  air  or  the  static 
friction  of  tne  particle  against  the  bed  surface.  Similar  correlations 
are  reported  for  non-sonerical  particles,  multiple  particles,  and 
Inclined  ducts. 

2.  Tne  terminal  settling  velocity  of  a  particle  falling  through  a  fluid  Is 
expressed  by: 

(Reference  8) 

This  equation  is  not  for  horizontal  air  velocities.  The  Cp  term  or 
coefficient  of  drag  accounts  for  the  characteristics  of  tne  fluid  and 
particle. 
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3.  T>i*  last  correlation  develooed  oy  Zanz  (Reference  C)  snown  in  Figure  3-2 
estimates  :n*  Horizontal  velocity  in  pipes  reoulrea  to  pica  up  a  par¬ 
ticle  at  rest  and  entrain  It  In  zne  air  and  also  the  saltation  velocity 
required  to  Keeo  the  particle  suspended  based  on  the  particle  Reynolds 
•number  and  drag  coefficient.  This  last  correlation  accounts  fpr  ootn 
the  density  and  viscosity  of  the  fluid. 

The  difficulty  In  using  the  Zenz  correlation  Is  determining  ;n*  velocity 
profile  within  the  Kiln  and  accounting  for  the  Kiln  rotation  and  particle 
size  distribution.  The  turbulence  profile  due  to  the  burner  nozzles 
should  be  considered  as  well.  The  effect  of  large  particles  in  soil 
samples  with  the  sane  mean  particle  distribution  has  been  ooserved  to 
reduce  the  entrainment  rat*  significantly. 

In  summary,  the  following  factors  are  thought  to  effect  any  theoretical 
based  estimate  of  entrainment. 

•  Velocity  profile  in  Kiln 

-  Entrance  and  end  effects 

-  Burner  nozzles 

•  Kiln  dlamtar  and  length 

#  Kiln  rotation  effects 

#  Pirtlcl#  sU«  distribution  effects 


REFERENCES 
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Relnhold  PuoT'isnfng  ZorpT,  NT. 

3.  Boucher,  0,  P.,  "Fluid  and  Particle  Oynamlcs,  "Chemical  Engineers1 
HandbooK,  3th  «d.,  H.  B.  Crawford  and  R.  J.  KeoVer,  «:‘.s . ,  "flcuraw-^i  1 1 
BooiT Company,  NY,  1973,  SB  pp. 

C.  Zenz,  F.  A.,  "Conveyeblllty  of  Materials  of  Mixed  Particle  Site,  "I  A  EC 
Fundamentals.  3:1,  Feoruary  1964.  "* 
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I 


*$ur«  3-2  Satiation  cf  Singi*  rcrtict  S&rvimm  Scifcncn  V«»od»»M 
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Soilaiton  Velocity  III/mc) 


Sfcnacra  7yi«r  Scrm  Mtsn 
322  !00  35  20 


Bsrticit  Owfn mtr  imcflM  «  CC' 


ftqun  3-* 

Thtorroal  Sclfsrtcn  v«!cc;ry  v*ma  =anc;«  2>cmmr 


m*.  c*/^n/s.j.« 
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Annex  10 


SAMPLE  COMPUTER  HEAT  TRANSFER  AND  HEAT  MATERIAL  BALANCE  CALCULATIONS 
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0»  T£*M»*TU*tS  **«C  ILGMi 

tiiita  f.  *«»  n»»i 


i 


j 

a  <4 


f 


O  <*1  *1  ^4  O  0'0-#*A*^>A/v<,S)0  fV  t>  t) 
^  *M7  ^onnnnknnnnnskkk 

a  •••••♦♦•••♦*«••.«. 


0>«<0^>IN^Kt>t-4<M>NN<0« 

O  ^  »  <\»  •*  4\  4%  *\  *>>  tr\  Kk  *>  *>  4>  **  »%  ■■> 

*  ♦  »  ♦  •  . ....... 

T  0*’**NAiNMN^^(NN('(«lWNNN 


Z 

-I  M4>*»rNmA«>«c»-l<IVM*N 

1  >OK  <J*,'NNr»^^r«VNNNNNNN 


*.«  3KNr<#r  r«' 


»M0N^»0<MO»144»0»KK 
KC  It  i^ff«rlA^«K4»»0»»» 


A 


*  •  ♦  * 


♦  «  » 


•  !«»«•« 


>e>  o 
»q  o 
*  » 


4  4444<I'I<#4<I44444  <1 

ir»v*vvv>^v»^v'V»  v*v*  *»  *  *r*  «•*  *r»-*r*  * 

«  •  **«•»«  «*«*,*«  *««•«« 


^  »*C  4  #•  * 

**♦*»•*»•  *>*•♦*•**♦ 
0|ltn»<».>ll>4  •'»•'#  *<»*>**  V\‘4»  ** 
O  -4  M  •■••-  «'  40K**PHO.«  *•'"»  * 
-^•*0t»000*  »»•••»»•>« 
«rthr*A|«\iiw«>Air*AA«*Mp 


ee(ioeo(M*f  oflrteee  o-o  e> 
oo^oafinaoo'ioooocoo 

oo 3000000 oooaoo  oi«  o 
OtiOOOOOCO  Oo  O  U  O  O  DO  o 
•»■*•*  ~i-4  +■*  HI  <*  *'■♦  •*■*.-»  ••»  H1H  *i 
IV*  A*  P»  AHA)  MH  l*U  AhIV  IM^IN  Pp  A*  Pp**S*  *> 

;  >  :  i  > 


04  ^  •“«*  ****  »  4*  *>  4%  I 

I  I  *  I  *1*4*  »  •  «  *  M  *  ►  * 

\0  IV  «•  ^lM  A  j*  Afk.  M¥.  in  Ap*k.  t 


•  *«  »  *  •  »  't  •  *  ■ 

V*  -*!p*  •  4  oth  #  tr.A.  *J 
I A  <*.  «**  A.  «  VjlH  9  -p*  **.«N  •; 
IV*  *SHrtJ«*.  *P*k  At 
»<p  vjp  «*;•*  +—p*  pip  ph 


i 


J  ‘  i  ;  5  .  ; 

U  I  i  I  i  ‘I.  |  * 

OOO  *5*0  6>0  0  0  rtjo  OOOO  <*ft  H 
It  *-  t*  •■•***••*►•  dft*.  »ftV«e£ 
*•»  *n^  *-■*».** ,*  ^41  • 

K*il  ,  I  » 


i*»r  at  «!>i 

fOOT 


'>  .-*»  r 


i  n  n  o 


» 

u» 


a1  <> 

f  < 

*  O' 


I  O  * 

0X3 


_J  > 
-J  r 
*  « 
3  w 


X 

-J 

4f 


N  'O  o.  <>  O  O  N  '4  4)  K  irt  flrt  ^ 

KO  <3T<INJr*r>jCMM>  *^ynkr>v/r^*- 

w»  «i  **  fw  K  a.  *■  u.  'c  gr  jo  «.  «•  **< 


**  -o 
♦-  o 

Aj  > 

U> 

N. 

fU 


O 


a 


<0 

r 

*4  >0  v?  t3  »*  O  <1 

a  o  •-  a  Oi  **  «* 

«  «#  a  »A- 

<■*  «» 


ft 

3 


Mhl 

o  *  n 

•<•  •*  w> 
j  <*  o 

o  * 

<*  n 


o  * 

*■  Q 
*  *♦ 

►*  U 
•J  M  3 
JW»» 

*  >o 

*s 


o  ^N»v»0  o  ».  Q  «0  W 

«4Q'4'494tDNv,lN>AAji4 
**i  *>•  >*w  O  O  •* 


N 


I 


♦  ♦  •  * 


w-  p*  m  w-O  NNN#<r^mo«»«n»"f 

^  *4  ** 

rf»OANN»««i  Nf  ,1  I 

«4  ^*|A  4 


I 


l 


»• 

o 

*"  • 
*-  • 

JMI> 
*  <1 

*  + 
m 

♦ 

it. 

(  o 
*♦ 

»«*•  u 
*  •**•» 
C  W«l 

*  9 

o 

w* 


?5 

J 


•  <f  «4  ^  fA>»*fiA**A** 


*j**  * 


•  #  ♦ 


I 


«  4 


O*##  A  *,*  *%**  **  •*  *  *£  *2 

^  «  O  4*  4  ♦*  * 

r»<HaN4H«  *><©**•* - - 


i  j  j 

t  t  >  *  r  i  4  «  »  »  •••»*# 

o  O  O  <9|0  OOO  O  'Jt»  OOOOaOO 


i 


000060000009000  OO  c> 


f**  *•** 
"O  Oj*» 
*•» 

O 

sv  « 

„« 

'«  M 

,«t  MU 
*  »»<** 
ar «* 
<y  » 


;.,!.J  J.  i.  j.j.  j.J 

r«K  +  4AN  •K'lM  r»»*  »4*'  <*«»  *»■•  « 


<  ■*  «•  »(N  |K-  INI  V*  *- 

>  O  m  trmp  0  0«0 
•4  »«■*»•»«•»  •  _ 


I  «^  *»•»*■«  •»•*  -* 


i 


•  4 
*  Cl 
d  A 


1 


>••  A  U  O  ►>  #  M*tf  4*.  K 

|4V  *  o  u  M  4  M  Ni4«  4  AO 

-MO  «  MVl  ** 


Or  *  *-,o  ••**•-«<  «»«♦-*■  5 

«  ,  H--'  *  1  I 


J- 


Uc 


o ao 0  600  csooo 


J 


o  M  4  A  4  ^  M  O  -  A  4 


odo. 

•  4 


J 


» 

1 

j 

i 


i 

i 


{ 


u  ■< 


*  I 


Annex  10B 


muirm  input  data  summary  ttmtutt 


1. EERU  KILN  CAPACITY  ESTIMATION 

2, AF  SOIU-41 
2.2/19/35 
3.9739.05 
4.JLF 

5, 60,406.8, 3,6,0, 0/ 

6.6/ 

06.C  H2  02  N2  MAT  ASH 
07.S0IL  1.0/ 

07. 0 . 0. 0.0.0. 0,0»0»0»0,0» 0.0. 100.0/ 

OB. 2400. 0.0/ 

09.. 001. 60,0/ 

07, MATER  1.0/ 

07.0, 0,0. 0,100, 0,0.0, 0.0, 0.0. 0.0,0/ 
08,29,0,0/ 

09,. 001, 60,0/ 

07.AUX1  3.0/ 

07,91,9,0,0,0,0,0,0,0,0,0,0,0,0,0/ 
08,0,0,0/ 

09,18000,60,0/ 

07.AUX2  3.0/ 

07, 91, 9, 0,0,0, A, 0,0, 0,0,0, 0,0, 0,0/ 
08,0,0,0/ 

09,18000,60,0/ 

07, FUEL  1  1.0/ 

07,91,9,0,0,0,0,0,0,0,0,0,0,0,0,0/ 

08,306,0,0/ 

09,18000,60,0/ 

07.FUEL2  2.0/ 

07,91,9,0,0,0,0,0,0,0,0,0,0,0,0,0/ 
08,0,0,0/ 

09,18000,60,0/ 

10,0,406.3,3, .29689,1,100,60, .01,0,45,100/ 

10, 

15,2200,405.8,3, .5,1,50,60, .01,0,50,50/ 
15.AUX2 
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JOB  NO  9736*05  1AF  SOIU-ll  ENGINEER! JLF  {  60.0  DEG  F  1  14.696  PSI)  2/18/85  PAGE  1 

I.  FUEL  TO  PRIMARY  BURNER 

fuel  name  * mmummmmmmmtmmt  component  flow  to  furnace  mnmmmttmnmmmtmt 


CARBON 

HYDROGEN 

OXYGEN 

NITROGEN 

WATER 

ASH 

SOIL 

PERCENT 

0,000 

0.000 

0.000 

0.000 

0.000 

100.000 

POUNDS 

0,000 

0.000 

0.000 

0.000 

0.000 

2400,000 

LB-MOLE 

0,000 

0.000 

0.000 

0.000 

0.000 

0.000 

WATER 

PERCENT 

0.000 

0.000 

0,000 

0,000 

100,000 

0,000 

POUNDS 

0.000 

0,000 

0.000 

0.000 

29.000 

0,000 

LB-MOLE 

0,000 

0,000 

0.000 

0.000 

1,610 

0.000 

FUEL1 

PERCENT 

91.000 

9.000 

0.000 

0.000 

0,000 

0.000 

POUNDS 

278,460 

27,540 

0,000 

0,000 

0.000 

0.000 

LB-MOLE 

23.184 

13.661 

0.000 

0,000 

0.000 

0.000 

TOT  FUEL 

POUNDS 

278.460 

27.540 

0.000 

0.000 

29.000 

2400.000 

LB-MOLE 

23.184 

13.661 

0,000 

0.000 

1.610 

0.000 
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IB  NO  9736,05  »AF  SQIU-tl 

ENGINEERS JLF 

( 

60.0  DEG  F  t 

14.696  PSI)  2/18/85 

PRIMARY  BURNER  HEAT  AND  MATERIAL  BALANCE 

ttm  HEAT  IN  ttm 

TEMP  DEG  F 

LBS  /  HR 

BTU  /  LB 

m  BTU/HR 

FUEL  SOIL 

60.000 

2400.000 

O.COl 

-  0,000 

FUEL  WATER 

60.000 

29.000 

0.001 

0.000 

FUEL  FUEL1 

60,000 

306.000 

18000.000 

5.508 

DRY  AIR 

60.000 

8284,038 

0.000 

0.000 

AIR  HUN, 

60.000 

82.840 

1059.900 

0,088 

OVERALL  TOTAL 

0.000 

11101,879 

5.596 

nut  HEAT  OUT  ttm 

LB-HOLES 

LBS  /  HR 

BTU/LB 

HH  BTU/HR 

FLU  GAS  OUT:  1777,83  DEG  F 

C02 

H20 

N2 

AIR  (XS) 

TOTAL  FLU  GAS 

23,184 

19,869 

113,56? 

143.125 

299.740 

1020,340 

357,952 

3181.568 

4142,019 

8701.879 

461.733 

1935.832 

457,803 

447,551 

0.471 

0.693 

1,457 

1,854 

4.474 

SOLIDS  out  bottom: 

ASH 

INERT 

0.000 

0.000 

2400,000 

0.000 

343.567 

343.567 

0.825 

0.000 

RAD  LOSS 

0.297 

OVERALL  TOTAL 

299,740 

11101.87? 

5.596 

PACE  2 
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JOB  NO  9736.05  JAF  S0IU-#1 


ENGINEER. JIF 


{  60.0  BEG  F  t  14.696  PSI)  2/18/85  PAGE  3 


III.  FUa  TO  SECONDARY  BURNER 

Fua  nahe  nmtnntntmmmnnmmmn  component  flqk  to  furnace  mmmnmntmtmmw 


CARBON 

HYDROGEN 

OXYGEN 

NITROGEN 

HATER 

ASH 

FUEL2 

PERCENT 

91.000 

9.000 

0.000 

0.000 

0.000 

0.000 

POUNDS 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

LB-HOLE 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

AUX2 

PERCENT 

91.000 

9.000 

0.000 

0.000 

0.000 

0.000 

POUNDS 

356.929 

35.301 

0.000 

0.000 

0.000 

0.000 

LB-MOLE 

29.717 

17.510 

0.000 

0.000 

0.000 

0.000 

TOT  Fua 

POUNDS 

356.929 

35.301 

0.000 

0.000 

0.000 

0.000 

LB-HDLF, 

29.717 

17.510 

0.000 

0.000 

0.000 

0.000 

ITS 


JOS  HO  7736.05  1AF  SOIU-ll 

ENGINEER SJLF 

( 

60.0  DE6  F  t 

14.696  PSD  2/18/85 

IV.  SECONDARY  BURNER  HEAT  AND  MATERIAL  BALANCE 

tmt  HEAT  IN  ttm 

T£HP  DEG  F 

LBS  /  HR 

BTU  /  LB 

HH  ITU/HR 

Fua  FUELS 

40.000 

0,000 

18000.000 

0.000 

FUEL  AUX2 

60.000 

392.230 

18000.000 

7.060 

PRIM.  FLU  GAS 

1777.833 

8701,379 

4.474 

DRY  AIR 

60.000 

7963.846 

0,000 

0.000 

AIR  HUN. 

60.000 

79,638 

1059.900 

0.084 

OVERALL  TOTAL 

0.000 

17137.593 

11.619 

nut  heat  out  urn 

lb-holes 

LBS  /  HR 

$TU/LB 

KH  BTU/HR 

FLU  GAS  OUT!  2200.00  DEG  F 

C02 

H20 

N2 

AIR  US) 

TOTAL  FLU  GAS 

52,901 

41,799 

259,127 

234.854 

588.681 

2328.209 

753.055 

7259.694 

6796,634 

17137.593 

593.726 

2189.468 

581.862 

568,466 

1,382 

1.649 

4.224 

3.864 

11.119 

solids  out  bqttqh; 
ash 
inert 

0.000 

0.000 

0.000 

0.000 

428.000 

428.000 

0.000 

0.000 

RAD  LOSS 

0.500 

OVERALL  TOTAL 

588.681 

17137.593 

11.619 
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JOB  NO  9736.05  1AF  SOIU-ti  ENGINEER*. JLF 


(  60.0  DEG  F  l  14.696  PSD  2/18/85 


V.  PRIMARY  BURNER  AIR  SUMMARY 


LBS  AIR 

TOTAL  8284,038 

THEORETICAL  4142.019 

TOT  -  THEQ.  4142.019 


rntut  OXYGEN  ttttttt 
POUNDS  LB-MOLE 

1920,903  60.028 

960.451  30.014 

960.451  30.014 


tutu  nitrogen  turn 

POUNDS  LB-HOLE 

6363.136  227.125 

3181.568  113.563 

3181.568  113.563 


PERCENT  XS  AIR  FOR  PRIMARY  BURNER  -  100.00 


VI.  SECONDARY  BURNER  AIR  SUMMARY 


TOTAL 

THEORETICAL 

LBS  AIR 
7963.846 
5309.231 

mu**  OXYGEN 
POUNDS 
1846.657 
1231.104 

mtm 

LB-MOLE 

57.708 

38.472 

tttttt  NITROGEN 
POUNDS 
6117.189 
4078.126 

tttttt 

LB-MOLE 

218.346 

145.564 

TOT  -  THEO. 

2654.615 

615.552 

19.236 

2039.063 

72.782 

PERCENT  XS  AIR  FOR  SECONDARY  BURNER  *  50.00 

VII.  TOTAL  AIR  TO  PRIM.  AND  SEC.  BURNERS 

TOTAL 

THEORETICAL 

LBS  AIR 
16247.084 
9451.250 

UUUt  OXYGEN 
POUNDS 
3767.559 
2191,556 

mutt 

LB-MOLE 

117.736 

68.486 

tttttt  NITROGEN 
POUNDS 
12480.325 
7259.694 

ttuu 

LB-MOLE 

445.471 

259.12’ 

TOT  -  THEO. 

6796.634 

1576,004 

49,250 

5220.631 

186.345 

TOTAL  PERCENT  XS  AIR  *  71.91 


VIII.  GAS  aOU  RATES 


STREAM 

1  PRIM  OUT 

TEMPERATURE 

mo  F> 

1777.833 

PRESSURE 

(PSD 

14.678 

ACfM 

8172.188 

2  SEC  OUT 

2200.000 

14.660 

19101.663 

PRIM  AIR 

60.000 

14.696 

1810.575 

SEC  AIR 

60.000 

14.696 

1682.457 
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Annex  11 


STATISTICAL  DATA 

HA  PARAMETERS  USED  IN  REGRESSION  ANALYSIS  LISTED  BY  SOIL  TYPE 

1 IB  PARAMETERS  USED  IN  REGRESSION  ANALYSIS  LISTED  IN  ORDER  OF 
INCREASING  IVP 
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